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PHYSIOLOGICAL CHEMISTRY. 


‘Histo-Curmrsray. 


‘Tae theory of the chemical nature of the animal tissues is a 
department of physiological chemistry which as yet has been very 
little cultivated; and the reasons of this unsatisfactory state of our 
knowledge are too obvious to require any detailed exposition. We 
will, therefore, simply observe, that the most important obstacle 
to the chemical investigation of the tissues is, that their elements 
are too intimately combined or associated with one another to 
admit of their being prepared for chemical analysis by a previous 
mechanical separation. This separation of the various elementary 
tissues which are deposited among, penetrate hetween, and envelope 
‘one another, is rendered the more difficult by the circumstance 
that with scarcely an exception they are equally insoluble in the 
ordinary indifferent menstrua employed by chemists. If we have 
recourse to the stronger or more energetic solvents, as for instance, 
acids or alkalies, we have seldom any assurance that the dissolved 
substance is the (otherwise) unchanged histological element, and 
that the portion remaining undissolved is in reality a simple 
chemically pure material; indeed, in the majority of cases, there 
cannot be a doubt that the chemical constitution of the tissue 
‘on which we are experimenting is entirely changed by such 
reagents. 

‘Various means have been attempted with the view of sub- 
mitting the animal tissues to chemical investigation. The first 
analyses, having any claim to accuracy, had for their object the 
determination of the elementary composition; in the Giessen 
laboratory, Scherer, and subsequently others of Liebig’s pupils, 
instituted elementary analyses of several of the tissues, after purify- 
ing them by means of the ordinary indifferent menstrua from any 
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soluble admixtures that might be present. If in the present 
advanced state of our knowledge we are compelled to regard such 
‘analyses ns irrational, since many of the analysed tissues, which 
were then considered by histologists to be simple, may be now 
seen by the most superficial microscopic examination to be com= 
posed of various morphological elements; yet such investigations: 
must he considered as fully equal to the requirements of science 
at that date. eer wee then attaching a high value to the 
existence of protein, and were striving to ascertain the meta- 
morphoses which it underwent in its conversion into the tissues, 
and the relations that existed between the chemical constitution of 
the individual tissues, and the composition of the main constituents 
of the blood, Moreover, a special yalue should be attached to 
these analyses from the circumstance that they form the earliest 
i Cyooee nts een aipenaepepelenengeien 
the hands of Liebig and others has proved so important an 

‘to chemical physiology. (Se2 vol. i, pe 14.) We Shoat Linnea 
be falling into great error if we were to regard the results of these 
analyses as strictly accurate expressions of the composition of the 


‘This fact induced Mulder to decompose, by means of acid or 
alkaline solvents, even those tissues which were regarded by histow. 
Teens hs edt pier bo dss eoncinkna pmiags 

arrangement 





tendence. investigations led to. many interesting 
results, they did not yield to bistologists the information that was, 
‘expected; for independently of the circumstance that the sub= 
stances which were examined were not sufficiently defined in their 


‘imperfect as that to which we previously referred ; too little impor 
tance was attached to morphologically different constituents of 
she pdiacenpaniontel core be 
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tissues; for the coarser or finer admixtare of cells, fibres, &c-y 
which we find congregated even in the tissues still deemed simple 
by many histologists, cannot in themselves constitute the object of 
cee areliioay rl Hanky Rr bos) reno 


the contractile tissue of the furica dartos, the middle arterial 
cont, &c. We know that these tissues are composed of very vari~ 
‘ous histological elements, and that there occur in them, interwoven. 
in many forms and proportions, fibres of connective tissue and 
nucleated fibres, or ordinary clastic tissue, with the fibre-cells 
which are common to all contractile organs. ‘The admirable 
inquiries of Kélliker have indeed shown us that these fibre-cells 
constitute the most essential element in all the contractile tissues, 
and his results have heen almost as decisively confirmed by 
chemical investigation as by the certain physiologico-physical test. 
of magnetic electricity, Henze we should not regard the middle 
arterial coat, or even the walls of the blood-vessels themselves, as 
subjects for histo-chemical research, but we should rather attempt 
toascertain, under the head of * fibre-cells;” the chemical character 
of the substance that is common, and at the same time to 
all contractile tissues. At the present day it would be highly inex= 
pedient to devote special sections to the chemical constituents of 
the eye, the chemical constitation of the brain, Ac. We are, how= 


very: 
associated in them ; for, unfortunately, we have not yet made suffi- 
cient progress to enable us properly to distinguish from one another 
the elementary parts of these compound tissues, and we are conse 
emt obi toiletry to the mare tari 
of the chemical characteristics of the morphological elements of the 
tissues, 


Although every one who directs his attention to histo-chemistry 
must be familiar with the normal histological characters of the 


ee ee ones es 
be thoroughly familiar 


histological investigations must 
rs fn nts nd ed 
‘expedient to introduce a sketch, short though it may be, of the 
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of frogs’ blood that has stood for some time, some maintaining: 
that they exist preformed in the fresh circulating blood, and others 


opposite view. 

i many induce of the interstitial 
juice in mixed tissues, and in this way not only obscure the form; 
Yat such contractions and alterations of outline of one or 


other of the parts, that it often becomes extremely difficult to dis= 
tinguish to which of the tissues that are thus intermingled the 
filaments oF granules, that are observed, belong: ‘These, and similar 


they are unquestionably present, consist of fat or of some other 
matter). To show that we have not overrated the difficulties of 





‘inguiries, are required in a still hgoeocnpslen 
It must also be borne in mind that the application of chemical 
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atrength of the solations employed in micro-cliemistry. 
of this role frequently led in earlier times to the most 
‘statements regarding the action of various reagents on 
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chemist throws together organised parts, crushes the organic mass 

in a mortar, and then most laboriously attempts to fish out the 

individual constituents, always, however, carefully paying attention 

to his chemical reagents, and the manner in which they should be 
Shyectios 


‘point in micro-chemical analysis, to which we should pay the most 
‘serious attention, and by the neglect of which we lose many most 


results. 
It is obvious that micro-chemical reagents should be 
for other purposes than merely for the object of studying the 


Beata Pcie diestel % he clones 

‘of the chemical constitution of the object under consideration, and 
must indicate the direction to be followed in our advance towards 
the goal of our inquiries. But this point will not be attained 
fas long as we content ourselves with employing this or that 
‘at random, and are satisfied with observing the alteration 
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of form which it induces, and with ascertaining in what group of 
chemical substances this or that part of a tissue should be classed. 
‘Micro-chemistry must rather furnish us with the means of extract- 
ing from the tissue to be examined one chemical constituent after 
another, and of thus rendering them more accessible to further 
chemical investigation. We believe that the following pages pre- 
sent some striking illustrations of the advantages of this appli- 
cation of micro-chemistry, which has first indicated the method of 
investigating the chemical nature of the textures by the separation 
of the less essential parts interwoven with them; it will thus 
throw some light on the constitution of parts like the brain, which 
have hitherto defied all the efforts of pure analysis. 

If we glance at the somewhat numerous micro-chemical reac 
tions which have been observed in the different tissues, we shall 
find that they have rather excited our hopes than fulGilled our 
expectations. The large number of reagents often scarcely differ- 
ing in their actions, and their unsystematic accumulation, show 
clearly enongh that this branch of science has as yet been little 
caltivated, and is but ill adapted to lead us to any explanatory 
facts. But the cause of the unsatisfactory nature of the efforta 
jerto made to advance histo-chemistry by means of micro-che- 
mical experiments, is to be referred less to the inefficiency of our 
micro-chemical agents, than to the imperfect development of general 
xo0-chemistry or the theory of the animal substrata. We cannot, 
however, hope to make great or brilliant progress in the chemical 
Knowledgeof the tissues until chemists stall have succeededin throw- 
ing light upon the protein bodies, until better analytical methods 
tare discovered for the distinction and separation of these widely 
differing, although in some respects anslogous substances, or until 
some more reliable methods can be adopted for the establishment 
of less hypothetical formule than those hitherto employed—as, for 
instance, in the case of albuminous substances. The protein 
hypothesis has frequently served as the mpérov ei8os for giving 
scope to hazardous conjectures on the nature and formation of the 
tissues, as well as on the entire metamorphosis of matter in the 
‘animal body. We have, therefore, abstained as far as possible 
from giving the artificial forraule and equations by which it has 
been attempted to exhibit an ideal connexion between the compo~ 
sition of the different tissues and their origin and metamorphosis, 
since it appears to us that science in its present undeveloped state 
more especially demands caution in the indulgence of fanciful 
hypotheses. A cautious reserve in this respect is more especially 




















‘that those tissues which are of service in the animal body almost 
solely from theie physical properties (their hardness, toughness, 


Geterdinocnrs cs ‘are remarkable for a high degree of elas 
ticity, as the nucleated fibres of connective tissue and the trae 
clastic tissue, present a perfectly similar chemical relation; and as 
Waidedilly Serlogs th vest tno: sbemdnry, weal Rat 
convincing evidence that those tissues which exhibit special vital 
activity—thore, namely, which, in addition to a slight but very 


striped mascle. ‘The arrangement and the chemical character of 
‘the substrata constituting the nervous system, confirm rather than 
‘oppose the above proposition, and afford a new proof that the 
‘material substrata of the tissues are always constructed in chemical 
‘conformity with their vital functions, 

‘There is one more circumstance which mast not be left alto= 
gether unnoticed, and which probably stands in a nearer connexion 
sri the shore sre then might a Gre sieht be mapped wb 
refer to the fluids permeating and bathing the tissues. We have 
reebyieechae here aragrnk ck Setocer Sa erchenteal 


‘character and floids moistening the 
Ripsen ostercaytarfeihacen'ob tho tole og ppatvae 
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dlosely cormected with the chemical constitution of ‘each indivi- 
dual tinsue. We find, for instance, that the lower elementary 
tissues, such as exert a mere physico-mechanical action, are 
moistened by a faid which scarcely difers from the serum of the 
blood, and in general closely resembles the tranaudations described 
in the second volume. On the other band, the tissues which are 
capable of a vital contraction, and, consequently, the fibre-cells 
and muscular fibres, are surrounded by a fluid which is altogether 
different from an ordinary transudation; in the first place this 
fluid ia distinguished, in all contractile tissues without exception, 
by the presence of a certain amount of free acid; further, the 
phosphates and potash-salts predominate here over the chlorides 
‘and soda-salts (which preponderate in the transudations) ; and, 
lastly, there occur in this uid » number of substances which, 
hitherto at least, have not been recognised in the blood and trans- 
dations. It may probably depend upon the different modes of 
action of the fibre-cells (in the contractile tissues and in smooth 
muscles) and of the muscular fibres (in the striped muscles), that 
the acid interstitial juice in the former case always contain casein 
with albumen, whilst, in the latter case, it contains no casein, but 
several other substances peculiar to itself alone, Unfortunately 
these relations afford us as yet mere points of view from which we 
may get glimpses of the connexion between the chemical compo- 
sition and the function of the tissues, or at most a few new 
‘advanced points from which we may hope by further investigations 
to promote the physiology of the animal tissues. 

‘The preceding remarks will sufficiently elucidate the course 
which we intend to pursue in treating of the chemical relations of 
the animal elementary tissues. We first notice the micro-chemical 
reactions. In the present very imperfect state of micro-chemistry 
a logical arrangement and subdivision of these reagents is out of 
‘the question, and hence their number is far greater than it would 
otherwise be. Although many of these reagents act in a very 
analogous manner, and others again do not yield very definite 
results, we shall, nevertheless, mention them in detail, as we are 
of opinion that in a rapidly advancing and comparatively new 
department of science every fact, however unimportant, should be 
retained, since we do not know what significance it may subse- 
quently attain, Moreover, no accumulation of facts can do harm. 

Basing our remarks for the most. part on the miero-chemical 
reactions, we shall next proceed to the investigation of the chemical 
Properties and composition of the individual substances which may 
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‘be extréoted) or is0Rsted-from the tices; without ny essonal 
change in their composition. We shall then notice the parenchy= 





yet 

Finally, we sball endeavour, at the conclusion of each subject, 

to form, as it were, a basis for an introduction to a more general 

chemical analysis from the results obtained by the micro-chemieal 

If our previous remarks on the chemistry of the 

tissues have failed to demonstrate the great deficiency of our know= 

ledge in this department, the analytical results will afford conclusive 

evidence that we are still very far from being able to clothe histo= 

chemistry in a rational garb, or to represent in a scientific form the 
‘morbid changes of the tissues. 


‘Ossnous Tissue. 


‘Wen we to consider the constitution of osscous tissue only 
from a chemical point of view, without reference to its 
conformation, we should scarcely arrive at anything like a correct = 
‘idea of bone, We roust, in the first place, bear in mind that this 
‘substance, which was formerly included amongst the simple tissues; 
hhas not only a somewhat varying, but also a complicated texture, 
in which, as in the tissues of a higher order, vessels and nerves 
enter, and in which, as in other tissues, nutrient matter (or plasma) 
‘and effete materials are met with. Without entering minutely into 
the structure of osseous tissue, we must at all events remark that 
aera ie Se Se ot oe ore 

‘by numerous cavities and canals which, in the fresh 
Say ea corneas, Sasea dtontalnneicme o monceokas 
‘constituents of the former contents. These cavities in the bones 

‘are not merely those which are perceptible to the naked eye, as for 
Instance, the great medullary canal in the centre of the eylindrical 
‘bones and the cellular spaces of the spongy bones, and the nutri- 
‘tious foramina; in addition to these more obvious solutions of 
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continuity, there are two different kinds of minute canals, one 
being much smaller than the other, and both perforating the 
‘true osseous substance. The larger of these sets of tubules, 
which have an average diameter of 0-01—005” (Kélliker),* and are 
Known as the Haversian canals, or canaliculi medullares, form a 
net work in the more compact osseous tissue, and open (1) exter 
nally on the outer surface of the bone, and (2) internally, on the 
walls of the medullary cavities and spaces. ‘The substarice, how- 
ever, which is surrounded by these spaces, is by no means to be 
regarded as the matrix of bone—as a perfectly continuous tissue, 
for we find in it a third group of tubules by which the bone is 
converted into a thoroughly porous substance. It is these tubules 
which were formerly regarded as the special morphological elements 
of osseous tissue, and were known as the bone-corpuscles and 
ductuti chalecophori:: they are empty spaces, which, on examining 
dried sections of bone under the microscope by transmitted light, 
are such conspicuous objects from their black colour, or rather 
their opacity. These elongated lenticular bone-cavities, which 
have, according to Kélliker,t an average length, breadth, and 
thickness of 0°01", 0-004”, and 0°003” respectively, send out innu- 
merable intercommunicating off-shoots (the above-mentioned duc- 
tuli chalecophori), and convert the matrix of the bones into most 
porous material. 

All these cavities, which we find in macerated and dried bones, 
are filled in fresh bones with various tissues and mate: 











do not pertain to the osseous matrix—the true object of chemical 


examination. It is well known that the large cylindrical cavities of 
the tubular bones are filled with marrow, of which we shall speak 
presently; this marrow is also found in the cancelli of the 
apophyses of the cylindrical bones, and in the cavities of the 
spongy substance of the fiat and short bones, but is not contained 
in the dense cortical substance ; hence it does not penetrate into 
the Haversian canals, which only exist there. While the marrow 
consists of a little connective tissue, and some vessels inter- 
mingled with the true medullary matter, the Haversian canals 
contain only blood-vessels and the nerves pertaining to them. 

With regard to the bone-corpuscles and their prolongations, it 
was held, until very recently, that, as their name indicated, they 
consisted essentially of calcareous salts, or, at all events, were 
filled with them. ‘This error, which was first exposed by Bruns 

‘© Mikrosk, Anat. Bd. 2,8. 278. 

+ Ibid. Vol. 2, p 201, 
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‘nd Bowman, and afterwards more fully by Kiilliker, was one into 
which it was the more easy to fall, because, on the one hand, these 


to it ander the microscope; we then perceive the 
dark and their prolongations very gradually become 
light, by slowly absorbing the turpentine, and thus losing their 
strong refractive 


power. 
‘These minutest cavities or pores do not contain air 
fresh moist substance; they must be filled with a fluid whose 


‘within them is out of the question. No examination has as yet 
een made of the contents of these pores and cavities in frest 


(the 
reconvey the effete particles in a state of solution into the 


* Arch. fpathol Anat. Ba. 5,8 176. 
+ Mouthly Journ. of Med, Scienoo. Vol. 14, p. 205. 
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incinerated and crushed bone, and he considers it not improbable 
that the true osseous tissue, or the matrix of bone, consists 
entirely of an intimate admixture of granules firmly combined with 


regarding the minute structure of osseous tissue should not be con= 
firmed, the granular appearance would always militate against the 
homogeneity of osseous tissue. 

‘The chemical, like the physical relations of osseous tissue, indi= 
cate that in the minutest particles of it there is a very intimate 
blending of the textural elements, but not a true mixture (or 
chemical combination) into ahomogeneous substance. It may be 
inferred from the results of Hoppe’s experiments, to which we 
‘have previously referred, that the bone-corpuscles and their pro- 
Tangptons ar Lirtte by sn elbuminous membrtne fost 


Farther it nan oU-established ft that almost all the earthy 
constituents may be extracted by dilute acids from a bone, without 
affecting its form, or even destroying its minute structure; in the 
‘same way the form and structure of a bone remain 

when we remove the orzanic matter from it, either by caleination. 
or by careful boiling with dilute alkalies. ‘These two facts might 
at first seem to be in favour of the view that the osseous tissue is, 
homogeneous, and that there is an actual chemical combination 
between its organic and inorganic matters; but when we consider 
that the very numerous analyses of bone which have been already: 
published do not lead to the inference that there is a definite pro 





ce, by boiling wi 
Geeta Fro casomely Ole slats of pone Sala 
all events that we have grounds for doubting that the matrix of 
‘one isa chemical compound of earthy and organic matters; and 
‘we are strengthened in these doubts by observing that the minute 
Low tier frorecis A shea 
with dilute hydrochloric acid. 

‘As we have already spoken, in the first volume, of the indi~ 
‘vidual constituents of osseous substance, we need here only observe 
‘in reference to its qualitative composition, or rather, in reference to 
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that of bones in general, that the most essential organic consti 
tuents are gelatigenous cartilage (vol. i, p. 396) and fat (vol. 
P. 249), while the inorganic are phosphate of lime (vol. i, p. 412), 
Phosphate of magnesia (vol. i, p. 422), carbonate of lime (vol. i, 
P-418) and fluoride of calcium (vol. i, p. 424). In addition to these 
main constituents, the bones also contain substances which must be 
regarded as incidental or unessential constituents of osseous sub- 
stance. Thus the alkaline sulphate in Bibra’s cases (see vol. i, 
p- 444) should probably be regarded as for the most part the pro- 
duct of the incineration of the bones. With regard to the other 
soluble salts that can be extracted by water or spirit from fresh 
pulverized bones after the removal of their fat, we possess no 
investigations which enable us to decide the question whether the 
chloride of sodium, carhonate of soda, &c., are at all events in part 
peculiar to the matrix of bone, or whether they only belong to the 
blood which can never be thoroughly removed, or to the fluid eon- 
tents of the bone-corpuscles and their prolongations. Precisely 
the same may be said of the organic substances which may be 
extracted from pulverized bone by digestion with mere water, or 
more thoroughly (together with the earthy salts) by dilute hydro- 
chloric acid. Even the fat which we have enumerated amongst 
the main constituents can only occur in extremely small quantity 
in the matrix of bone. For the small quantity of fat (from 1 to 
82) which we find in bones that have been as thoroughly as pos- 
sible cleaned and macerated, must be chiefly marrow from the 
cavities of the spongy portions of the bones, and only a mere trace 
can arise from the matrix: we, moreover, find from the investigations 
of the most distinguished histologists, that the marrow does not pass 
into the Haversian canals of the compact osseous substance. Hence 
is only by the analyses of bones which have been well macerated 
and deprived of their fat that we can hope to arrive at any definite 
conclusion regarding the constitution of the osseous matrix. 

‘The hone-cartilage, obtained by prolonged digestion with dilute 
and frequently changed hydrochloric, or nitric acid, occurs in its 
moist state as a tolerably elastic, yellowish, translucent substance, 
which perfectly retains the form of the portion of bone from which 
it was obtained. When dried, it becomes very hard, but only 
slightly brittle. When it has been so often extracted with a weak 
acid solution that the latter no longer exhibits any traces of di 
solved lime, the cartilage leaves very little ora mere trace of ash on 
incineration, We have already mentioned that neither Marchand 

+ [60 the footnote in page 21.] 
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‘ents are by no means inconsiderable under different physiological 
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conditions, as'has been already shown in the first volume. The 
differences which the different bones of one and the same in 
dual exhibit are especially interesting. Von Bibra has especially 
lucidated this point by the most conclusive results, With regard 
to the proportions between the organic and inorganic matters, 
Rees has, next to Bibra, most distinctly shown that the bones of 
the extremities are in general richer in earths than those of the 
body of the former the humerus and femur contain somewhat 
more than the other cylindrical bones ; the cranial bones contain 
about the same quantity of earths as the cylindrical ones, while 
the metatarsal and metacarpal bones have a closer affinity in this 
respect to the bones of the trunk. The ribs and the clavicles con- 
fain on an average rather more organic substance than the vertebrans 
those of the pelvis approximate very closely in thia respect with 
the last-named bones, ‘The carbonate of lime appears to be entirely 
dependent upon the quantity of the phosphate of lime in the 
different healthy bones of the same individual ; at all events, Bibra 
found that in the most diverse bones of the same animal, the car- 
bonate and phosphate of lime always stood in nearly the same 
ratio. Moreover, it would appear from the observations at present 
in our possession, that the quantity of magnesia in the different 
bones rises and falls with that of the phosphate of lime. The 
short bones always contain, according to von Bibra, more fat than 
the cylindrical bones, even where the former have been as com- 
pletely as possible freed from spongy substance. The quantity of 
ater contained in the bones has been made the subject of special 
investigation by Stark*: it cannot generallybe determined with much 
accuracy, but Stark’s observations show that the flat bones contain 
more water than the cylindrical (probably from the former being 
the more vascular). 

Although the female skeleton is on an average far lighter than 
that of man, the comparative analyses of the same bones of both 
sexes show very trifling, and, as it would appear, altogether un- 
essential differences. If we may be allowed to assume (with 
physicians) the existence of a certain predisposition, we would say 
that it would appear from the various recorded analyses of morbid 
bones, that the female bones more readily undergo a loss of earthy 
constituents than male bones, or to speak more correctly, that 
processes which contribute to the absorption of bone-earth ara 
more frequently developed in the female than in the male 
organism. 

© Edin, Med. and Surg. Journ, Vol. 163, pp. 308-325, 
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‘It hos been found that in man as well as in the other mamrmatia 
and in birds, the hones in youth, especially in the human racey 
contain less earthy constituents than those of adults, but that im 
aes ‘the bones are universally richer in earthy or mineral 

‘Davy, Schreyer, Frerichs,* von Bibra). We 
[ai retarted it the dimi= 
nution of the earthy matters, which has been often observed in 


conclusions regarding the ratio of the carbonate to the phosphate 
of lime at various periods of life. It has heen already stated 
(vol. I, p. 419) that I found far more carbonate of lime in pro= 
portion to the phosphate in the bones of a new-born child, than in 
those of an adult and of an old man, while von Bibra found on an 
average far less earbonate of lime in the bones of young animals. 
Moreover, von Bibra found rather more phosphate of magnesia im 


influence on the constitution of the bones—a view which seems 


that essential differences were induced in the composition of the 
‘constituents. ‘The bones of the herbivora contain on an 
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matter than those of lean ones, and hence the bones of hybernat- 

ig animaals contain considerably more fat before than after their 
winter-sleep. According to Stark, human bones are richer in 
‘water than those of any other mammal. 

‘Von Bibra almost invariably found more bone-earth in the 
bones of birds than in those of mainmals. ‘The rasores were the 
richest in mineral substances (the mean being 75°82; in Columba 
Tartar the earthy matter rose to 84°3g). ‘The bones of carnivorous 
birds are generally only slightly richer in earthy salts than those of 
mammals. The ratio of the carbonate of lime to the phosphate 
is generally greater in the bonea of birds than in those of mammals. 
‘There is, on an average, rather more fat in the bones of birds than 
of mammals, and the granivorous, and especially the aquatic birds, 
in thia respect exceed those living on flesh. According to Stark, 
the bones of birds contain more water than those of mammals. 
Moreover, the bones of granivorous birds contain rather more 
silica than other bones. 

Stark has also instituted comparisons between the organic and 
inorganic substances in the bones of mammals and birds, but his 
reaults are not in accordance with those of von Bibra. In all 
probability, the osseous substance had not been perfectly dried in 
most of Stark’s comparative analyse: 

Our knowledge of the composition of the bones of the 
amphibia is almost entirely due to the labours of von Bibra. 
‘These bones contain an average less inorganic matter than those of 
mammals and birds (those of the Salamandrida, for instance, only 
55g, and those of the frog 633); moreover, the ratio of the 
carbonate of lime to the earthy constituents generally, is less in 
the bones of the amphibia than in those of the preceding classes. 
‘As has been already stated in vol. I, p. 444, von Bibra found a 
considerable quantity of sulphate of soda* in these bones. 

‘The bones of fishes are poorer in mineral constituents than 
those of any of the preceding classes (the earthy matters varying 
from 21 to 573). Although, with regard to the earthy salts, the 
carbonate of lime appears to a certain extent to rise and fall with 
the phosphate, no definite proportion can be detected as existing 
between them. As in the case of the amphibia, von Bibra found 
that these bones contained moré sulphatés and fat than’ those of 























[The Editor regrots to find that a rather important erratum eacaped hia 
aotice in correting the page referred to in the text. In lino @ from the bottom 
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mammals or birds. According to Stark, the bones of fishes eon~ 
tain more water than those of any other animals. 


the enormous number of analyses of morbid 
donee which have been made by different chemists, very few results 


specimen, 
Denton arte te ontaotslca ceilden(ehie asdf way 
to the different kinds of osteoporosis, to primitive and consecutive 





made in connection with diseases of the bones, that the whole 
subject requires further development in a pathologico-anatomical 
point of view. Eocheais at earey te eee 
more than once happened) he should mistake 


and 
rachitis with caries. It is no wonder, then, if in the analysis of 

bones we rarely or never ascertain whether the rare= 
faction of the osseous tissue depends upon a simple syphilitic, 
arthritic, or tuberculous ostitis, or on an excessive growth of 
eet ox 0 spe aro of ho bowy ten thant ea 


ones 4 
tation of the osteoscleroses 5 for excepting the analyses of Ragsky,* 
von Bibra,t Schlossberger,t Gerster,§ Gruber and Baumert 
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C. Schmidt,* and C. 0. Weber,t we find very few chemical 
investigations accompanied with a history of the disease under 
which the patient laboured. In the absence, therefore, of an 
accurate history of the case, we can ascertain very little from our 
numerous analyses of morbid bones, seeing that in the great 
majority of cases only very unimportant differences are apparent 
in the composition of very differently named morbid bones. More- 
over, such different methods have been employed in preparing the 
bones for analysis, and in conducting the examination, that the 
results that are obtained do not admit of comparison. 

‘On entering upon the special examination of the resulta of 
these numerous investigations, we have, first of all, to notice the 
general proposition enunciated by von Bibra, that in almost all 
morbid processes implicating the bones the mineral substances are 
abstracted from the tissue earlier and in larger quantity than the 
organic matter; and that in almost all diseased bones a relative 
increane of the cartilage is observed. The bone-earth is not only 
earliest separated from already formed bones during morbid con- 
ditions, but it in also last deposited in the bones after the cessation. 
of disease, as, for instance, is seen in the composition of the scle- 
Tose; for a bone, or a part of a bone, often exhibits the most 
decided physical characters of sclerosis when the earthy consti- 
tuents are far below the normal average. It is an error to suppose 
that in sclerotic bones there is more earthy matter and less 
cartilage than in normal bones. This much only is true, that in 
eonsecutive sclerosis, that is to say, after osteoporosis or osteo- 
malacia the bone gradually recovers its earthy constituents, although 
not always to such a degree as to reach the normal proportion 
between the inorganic and organic matters. At all events, the 
analyses of Ragsky and Baumert do not prove more than this. 

‘The cartilage is very rarely affected in morbid bones. Most 
observers have obtained the ordinary glutin from the cartilage of 
diseased bones. (In some cases of very decided rachitic bones 
both Marchand and I have failed to obtain any true glutin.) 

‘The amount of fat in the bones has only been accurately deter- 
mined in a few cases; but von Bibra’s analyses lead to the infer- 
‘ence, that generally when, in consequence of disease, a bone has 
suffered a lose of earthy matter, and still more of its cartilage, the 
quantity of its fat is increased. 





© Ann 4. Ch.a. Pharm. Bd 61, 8. 29, 
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A very important question forces itself upon our notice in. eon 
‘the. of the bones, namely, whether there are con= 
relative fit "the mineral 


of such a natare as to enable us to elicit from them even a. 
‘answer to this question, How seldom, after the bones have been 


properly prepared for analysis, hus it been attempted to ascertain 
fhe goanity of exonat of Kinin the fe bond oh ot 
ination of 


determination of the phosphate of lime has heen employed; séeseds 
ing to which we could never be certain whether we were weighing 
8Ca0. 3PO, of 3Cx0.PO,, We shall presently notice the reasons 
why this and similar questions are not so easy to answer as might 
fat first sight be supposed. It appears, from the analyses in our 
Possession, as if the carbonate of lime first diminished and sub- 
sequently again increased in a corresponding proportion with the 
phosphate, in diseases of the bones ; it is only in osteophytes and. 
‘new formations of bone that we frequently find the carbonate of 
Time exceeding the normal standard. 

After the preceding observations, it would scarcely seem neces= 
‘sary to consider the composition of the bones in reference to the 

classifications ; we must, however, attempt this 

course, partly to show how deficient our knowledge on this subject 
~ AES a rmnateuopinieas nie 
‘nominal 


Sor resocreha party aro dettaoaren’ bar uikes Aenean 
follow the leading maxims afforded to us by pathology, little real 
advance ean be made in this department. 

IE we follow the method.of inquiry at present pursued in pathos 
logy, which refers almost all anatomical changes of the tissues and 
‘organs to a so-called inflammatory process, we must begin by 

i ‘chemical which are coincident with the tex- 


depends on purely 

Petey eA 0 alread at atenpaoreder yd 
@ priori, that even where the textural changes are nearly the same, 
‘the chemical constitution of the altered bunes need not be similar 
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or even analogous. ‘Thus it is easy to form a conception of osteo- 
poroses whose origin might be dependent on such different morbid 
affections that according to the different diseased condition from 
which they arose, they must have a thoroughly different chemical 
composition, although morphologically they might be extremely 
similar. ‘This is shown in a certain degree by the analyses which 
‘we at present possess of osteoporotic bones, although these investi- 
gations are far from being altogether satisfactory ; and seems most 
decidedly established in the case of caries. Adopting the view 
held by morbid anatomists, that inflammation of the bones ter 
‘minates in hypertrophy, we have three kinds of hyperostoses.to 
‘consider, which morphologically, and in part also chemically, differ 
from one another, namely, primary sclerosis, osteophyte, and 
exostosis. 

‘We possess two analyses, made by Ragsky, of primary sclerosis, 
whose occurrence is generally supposed to depend upon the 
gradual conversion into cartilage, and finally into bone, of an exuda- 
tion within the medullary cavities and the Haversian canals (by 
which the osseous tissue hecomes condensed and almost ivory-like) ; 
they do not, however, at all indicate an augmentation of the 
mineral constituents of the bones. Even in true sclerosis there is 
never an excess of earthy matter in proportion to the organic sub- 
stance deposited in a bone, and hence, we cannot suppose that in 
primary sclerosis such an augmentation of the mineral substances 
should occur. When the exudation is transformed into osseous 
substance, this newly formed structure must at first contain less 
mineral matter than true bone, and on this account, as indeed is 
completely in accordance with the analyses, it happens that we often 
find a relative diminution of the earthy matters in sclerotic 
bones as compared with normal osseous tissue. All that we can 
deduce from our analyses of such bones is, that on the one hand 
their organic basis differs in no respect from the ordinary gelati- 
genous cartilage, and that on the other, there is a considerable aug- 
mentation of the carbonate of lime in proportion to the phosphate. 

‘As osteophyte is a new formation of osseous substance on the sur 
face of bone, its composition must naturally vary very considerably 
swith the length of its existence, that is to say, with the stage of deve 
lopment into which it has entered from the period of the original 
formation of the exudation. In the majority of cases both of 

and other osteophytes, it has been found both by 
‘and myself, that there has been an excess of organic substanc 
of carbonate of lime above the normal mean, As in callus 
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(according to Valentin), so also in osteophyte, there is more enrbo= 


)- 
‘which is a dilatation of the medullary cells, and of 
the ‘canals, may also be the result of inflammation of 
the bones, since the exudation that is deposited induces a resorp- 


that the cavities which have been produced are filled 
‘sooner of Inter with fluid fat. It has been inferred from these 
analyses, that the carbonate of lime is resorbed in relatively larger 
‘quantities than the phosphate; but it is only in a few analyses that 
this relation is perceptible, and in these, the nature of the osteo 





‘softening of the bones in adult life. Yet, notwithstanding the 
‘analyses of Marchand,* yon Bibra,t Davy, and Ragsky, to which I 
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may add my own,* we are still in ignorance of the pathological 
Process“and the morbid product of true rachitis. Ouranalyses are 
only so far accordant, that all agree in assuming that rachitis 
indaces a considerable diminution of the mineral constituents of 
the bones, although it still remains to be decided whether this 
diminution may not be in part a relative one, depending mercly 
‘upon an increase of cartilage. ‘The assumption of many patholo- 
gical anatomists, that the rachitic process is connected with true 
hypertrophy of the bone-cartilage, must at the present day be 
regarded as, to say the least, very improbable; for when rachitic 
‘bones, which have been only moderately macerated and deprived of 
their fat, are examined in thin sections under the microscope, the 
‘Haversian canals and lacune (bone-corpuscles) are not found to be 
filled with organic matter, but are either empty or dilated. If we 
calculate the analysis of an imperfectly macerated bone, containing 
all ite fat (and the gelatinous substance effused into the medullary 
canals) for 100 parts, we shall indeed obtain an absolute excess for 
the organic constituents, and a relative deficiency for the inorganic 
matters; but these relations do not prove the existence of byper- 
trophy of the cartilage. Such a condition can only be microsco- 
pically and chemically shown in those rachitie bones which exhibit 
‘a tendency to healing through sclerosis ; an absolute augmentation 
of the cartilage can he detected only in these eases, and not in the 
highest stage of the special rachitic process. Hypertrophy of the 
cartilage constitutes the basis, not of softening of the bones, but 
of osteosclerosis, more especially when it occurs after rachitis, or 
after osteoporosis. The nature of the cartilage generally re~ 
mains altogether unchanged in rachitis; but Marchand and I have 
‘observed cases of highly developed rachi 
could be extracted from the bones, although after prolonged boil- 
ing, I obtained a slightly gelatinising substance which yielded 
some of the reactions of chondrin. An exact determination of the 
relations of the earthy constituents of rachitic bones is the more 
important from the light which they appear to throw on other pro- 
cesses, and on the nature of rachi itself, The carbonate of lime 
from several analyses to diminish proportionally to the 

earthy phosphates, but other analyses (as for instance those made by. 
Marchand and myself) yield a higher amount for the carbonate of 
lime than the normal proportion. Although the phosphate of lime 
often mach diminished, the rachitie process cannot be con- 
ditional upon the occurrence of free acid, as has been assumed 

© fchmidt Jalub. der gos, Med. Bd. 34, 8,200, 














in which no glutin 
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‘merely by the result of analyses, but also by the indifferent beha~ 
‘viour of decidedly rachitic bones towards blue litmus. ‘The ash of 





Ny 
ject, which may, indeed, serve as a model for all similar inquiries. 
He ascertained that the 633 of mineral substances, which he 


‘of lime was present either in a normal quantity, or only slightly 
diminished, and that the cartilage was so far sound that it yielded. 
ordinary glutin on boiling, whilst the fat, when compared with that 
in the rachitie bones of children of more advanced age, was not 


‘osteoporosis accompanied tisloatom of -vohad ead 6 op 
sition of fluid fat in the dilated and newly formed cavities, would 
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Schlossberger on craniotabes, to which we have already referred) 
is still wanting. Bostock, Prisch,t Bogner,t myself,§ von Bibra, 
Ragsky, Gerster,|| C. Schmidt, and Weber,** have submitted 
these bones to examination. The earthy constituents of the bones 
are more diminished here than in any of the other bone-diseases 
we have considered; but the physical examination shows that a 
large portion of the cartilage is also destroyed, whilst the almost 
brittle network of residual bony matter floats in thin fluid fat, 
which amounts in some cases to 20 or 303. The osseous substance 
which is obtained from these bones occasionally yields glutin on 
boiling; but when the bones are very thoroughly affected by the 
disease, the organic matter yields no gelatinising substance like 
glatin or chondrin. I could not discover that the fat of these 
bones contained phosphorus, as Nassett found was the case with 
ordinary bones. C. Schmidt proved in the most unequivocal 
manner that free lactic acid was present in the fluid of the cylin- 
drical bones. The fluid occurring in these bones exhibits very often, 
although not invariably, an acid reaction ; and although the exces- 
sive quantity of fat may in some cases impede the action on litmus 
paper, I have known cases in which some of the bones of a patient 
affected with osteomalacia exhibited an acid reaction (as the femur 
and tibia), whilst others (as the ribs and pelvic bones) showed no 
trace of the presence of acid, even where there was a smaller accu 
mulation of fat. We cannot, therefore, refer the resorption of the 
bones to the occurrence of free lactic or fatty acids, unless in 
direct opposition to well-attested facts. The occurrence of the 
lactic acid may perhaps be owing to the development of a chemical 
process in the broken-down fragments of the bones, which gives 
rise to the formation of an acid, as Gerster, Schmidt, and Weber 
observed in the case of perfectly disintegrated bones. ‘The ana~ 
tomical investigation, as well as the analysis of the individual 
morbid process, renders it more than probable that the occurrence 
of the fat in the bones does not exert a primary influence on their 
disintegration, but acts only in a secondary manner within the 
spongy parts. ‘The mineral substances decrease very considerably 

‘ Metico-Chirargial Transactions, Vol 4, p. 38, 
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when compared with the cartilage in this form of osteomalacia, as 
will be readily seen if we exclude the fat in the calculation of the 
analysis. It is remarkable that notwithstanding the acid reaction 
of the juice permeating the bone, carbonate, as well as phosphate 
‘of lime, is found in the macerated bones from which the fat has 
been removed, and that the former even appears to be less 
decreased than the latter. Weber is the only one who has inves= 
tigated the composition of the phosphate of lime contained in these 
‘bones; he found, in addition to carbonate of lime, } basic 
‘of lime, and believes that the phosphate of normal bone 
(3CaO. PO,) is converted by means of the free acid into this less 
basic salt. If this interesting fact should be confirmed by future 
investigations, it must still appear very striking that so much cur- 
bonate of lime could be present in fresh bone, together with the 
free acid. ‘The affections which we comprehend under the term 
‘osteomalacia may, therefore, possibly admit of being subdivided 
into two different processes. It will in like manner depend upon 
future and more carefully conducted investigations to determine 
whether, as we are induced from various reasons to believe, the 
arthritic process actually corresponds with that of osteomalacia. 
Ganuiteny be products cloecansootitias hare Mela 
examined by Valentin* and von Bibrast ‘The uleeration 
480 gradually destroys the bone, that the mineral constituents dis- 
appear to a greater extent even than the eartilage before the entire 
destruction of the osseous tissue, and that the cavities formed in the 
bones by earies become filled with fat in the same manner as in 
‘osteomalacia; hence we always find a larger quantity of organic 
‘matter in carious than in normal bones: the residual cartilage does, 





Resa pecions constituents in caries; he found } basio 
‘phosphate of lime, but further investigation was required to deter- 
mine this question decisively. 

‘The chemical investigation of portions of necrosed bone has 


when 
portions of bones, are necrosed: that is to say, how they are 
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deprived of nutrient by the intervention of healthy parts. Our 
analyses yield, therefore, very nearly the same composition for 
necrosed as for healthy bones; the organic matter sometimes 
appears to be rather augmented, although it is occasionally slightly 
diminished ; they commonly present the same characters as strongly 
macerated bones. 

Fossil bones have also been made the subject of numerous 
investigations.* The locality from which they have been removed 
should always be considered in these inquiries, for to this we must 
obviously refer many of the modifications presented by their com- 
position ; thus, for instance, the mass in which they are embedded 
frequently exerts a chemical action upon them by decomposing or 
metamorphosing the organic matter or the phosphate of lime, 
whilst it also readily becomes infiltrated (especially its carbonate 
and sulphate of lime) into the bone-canals. 

‘The quantity of organic matter contained in fossil bones varies 
very considerably ; thus, for instance, in some cases the organic 
matter contained in them has been found to be scarcely diminished 
when compared with that of fresh bones, whilst on the other hand 
many of these bones exhibit no remaining trace of organic matter. 
We have already referred to the observation made by Bibra, that 
the cartilage of fossil bones is generally converted into a substance 
which at once yields glutin, after the mineral matters have been 
thoroughly removed. It seems a priori more than probable that 
‘the composition of the phosphate of lime might undergo a change 
in fossil bones ; but still this salt has almost always been found to 
consist of 8 CaO.3 PO,, which is the same composition as that 
occurring in fresh bones. It is therefore very questionable whether 
the occurrence of small crystals of apatite, 3 CaQ.PO,, in fossil 
bones, or in bones which have lain for a long period of time in the 
earth (Girardin and Preissert), can depend upon a metamorphosis 
‘of the chemical constitution, or (as seems less improbable) on an 
arrangement of the minute particles of phosphate of lime into 
crystals. Carbonate of lime generally occurs in far larger qu 
tities in fossil than in recent bones, although this increase is 
frequently only relative, in consequence of the organic substance 
having disappeared from the bone; more commonly, however, 
this carbonate of lime is absolutely augmented either by infiltration 
from without, or in certain soils, from a portion of the phosphate 
of lime being decomposed by carbonic acid or carbonates. Mag 

© On the literature of this abject, ao Vol. Ip. 425. 
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resin often occurs in larger quantities in the fossil remainis of 
‘vertebrated animals than in the fresh bones of the present animal 
‘world. ‘The greater 
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in some cases had even wholly disappeared. ‘There is thas sufficient 
roof that it may increase as well as diminish in a perfectly normal 
manner in the bones, although this increase or decrease cannot 
always be referred to definite causal relations. Alumina, oxide of 
iron, and silica, are substances which are very frequently found in 
fossil bones, although we mast undoubtedly regard their presence 
‘as due merely to infiltration. 

We shall consider the bones and cartilages of the invertebrate 
animals in a subsequent portion of the work. 

Iris analy Sonera ubdoabiady one of tha bia plea 
tions of zoochemical research, but so many different methods have 
been attempted that, notwithstanding the great number of analyses, 
‘we have arrived at no conclusive results ; we see, for exaniple, that 
‘the chemical composition of the phosphate of lime contained in the 





which have either been wholly unanswered or very imperfectly 
solved by the analyses in our possession. A more exact knowledge 
considerable 


‘whilst in many eases, as for instance, in the examination of 
the density of the uid to be analysed is in general more or less 


the bones are subject ina healthy and morbid condition, we might 
expect, by a careful study of the subject, to ascertain the existence 
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In order to study the composition of the true osseous tissue 
(and this has been the object of most of the analyses hitherto 
ade), the bones should in the first place be minutely pulverisedy 
carefully washed with water, and then deprived of their fat by the 
Soto of ethers forthe analysis cane no ler 
of the composition of true bone until the fatty constituents, and 
the substances soluble in water, and derived from the blood and 
the bone-plasma, have been carefully removed. ‘The presence of 
these substances not only increases the difficulty of the technical 
performance of the analysis, but the analysis itself naturally gives 

1 very imperfect result in relation to the osseous tissue in 

or pathological conditions. 

Tt was formerly customary to calculate the quantity of earbonate 
f lime contained in bone by the quantity of lime in the uid from 
which the phosphate of lime had been precipitated (uecording to 
Berzelius’s method) by ammonia free from its carbonate; but this 


y 


method employed in preparing the bone-ash is not devoid 
tierce re eterno ta matt 
the pulverized bone and thoroughly remove the fat by ether, 
Set er spy ey a it to the process 
of combustion. Erdmann’s mufile affords the most rapid and 
‘complete means of incinerating bones ; burning them in a platinum 
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crucible over Berzelius’s Inmp is a much less rapid method of pro- 
ceeding ; in either case it is advisable that the bone-ash should be 
moistened with carbonate of ammonia and again heated before it 
in weighed. ‘There is almost always a more or less considerable 
quantity of caustic lime formed during incineration. When the 
above precaution is neglected, the ash is often found to yield leas 
carbonic acid than the fresh bone, a result which may, however, 
depend upon other circumstances. 

‘With regard to the individual determinations of the phosphoric 
acid, magnesia, fluorine, and traces of sulphuric acid, we presume 
that our readers are acquainted with the different methods em- 
ployed in analytical chemistry; we would, however, especially 
recommend the mode of procedure devised by W. Heints.* 

‘We ‘have only very unsatisfactory data for the determination 
of the quantitative relations existing between the bony skeleton 
and the whole weight of the animal organism in different classes 
of animals, and during different diseases ; and in many cases we 
have no data of any kind. 

At the age of 21 years, the weight of the skeleton is to that of 
the whole body in the ratio of 10°5 : 100 in man, and in that of 
8°5: 100 in woman (the weight of the body being about 125 or 
180 Ibs.) 

The special consideration of the parts which stand in a close 
elation to the bones, such as the periosteum, the marrow, and the 
cartilaginous investments, does not fall within the limits of our 
inquiry, since they are organic parts composed of several simple 
tissues, and cannot, consequently, be made the subject of a rational 
chemical investigation. 

Although numerous histological observations have been made 
fon the development of the bones from cartilage, the subject 
has been very imperfectly considered in a chemical point of view. 
In reference to the development of individual bones, we scarcely 
know more at the present day than what was known long since, 
independently altogether of chemical investigations ; namely, that 
the bone, as long as it continues in a state of cartilage, contai 
substance yielding chondrin, which becomes converted into a body 
yielding glutin during the progress of ossification, when the earths 
‘are simultaneously deposited in the bone in large quantities. 
Boussingault made some interesting experiments on pigs in con- 
nection with the absorption of mineral substances during the 
development of the skeleton. It would appear from these obser- 

© Monatsber. der Akad. der Win 2. Berlin, 1640, 8.00.89, 
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‘Tux teeth have commonly been considered, in a chemical 
point of view, as organs possessing very great analogy with the 
Tis) all iby have Weta Sgsiol ws fcely oOo a 
FS GK Dhow satcnsad ad online cea eo 
inorganic nature—in short, to minerals; but this mode of inves 
tigating the subject cannot satisfy the requirements of the histo- 
Tegih te the: phyiologiets Independently of tke soe 
development, the structure of the teeth differs so entirely from 
that of the bones, and is moreover so complicated, that it would. 
‘be wholly irrational to regard the teeth as formed of homogeneous 
simple tissues, and to submit them directly to chemical analysis. 

‘When we analyse an entire tooth, we are guilty of the same 
error as the chemists of an earlier age who triturated complicated 
organisms in a mortar, and then attempted to analyse the 
chaotic mass. Even in a chemical investigation of the teeth, 
we should remember that every tooth consists of three morpho 
logically different parts, namely, the dentine or tooth-substance, the 
enamel, and the cement. 

‘The predominant part of the tooth, and that on which its form 


perfectly structureless mass, matrix 
of bone, and perforated by a very large number of minute ramify- 
[% Tn the previous edition Lehmann says “ not perfectly structureless 


however, exhibits a great tendency to Urea up into fibres.—o. x, .] 
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ing canals. These canals have comparatively thick 
and proceed from the cavities, diverging towards 
surface of the dentine, in the vicinity of which they are still more 
minutely ramified. We do not observe bone-corpuscles, or other 
structures peculiar to bone, in the dentine ; but in their place we 
have the interglobuler spaces of Crermak,* which resemble the 
holes made by bullets. We must, therefore, take into account 
the contents of these tubes (probably the nutrient fluid of the 
tooth), and of the above-named cavities, in the chemical investiga 
tion of the fresh teeth. It is clearly shown by microscopico- 
mechanical examination, that here also the salts of lime are not 
deposited in the canals or cavitis 

Hoppe + exposed to the prolonged action of boiling water thin 
sections of the molar teeth of the pig, the salts having been pre- 
viously extracted with hydrochloric acid, and the cartilage of the 
cement having been removed with water. The external part swelled 
up, became transparent, and dissolved, with the exception of a few 
flakes; while, on the other hand, the interior became white and 
transparent, crumbled down, and was scarcely at all soluble. The 
solution only contained glutin. The undissolved residue, when 
examined under the microscope, presented the dentinal canals ina 
perfectly isolated state, and aggregations of dark globules with di 
tinct nuclei: these globules perfectly corresponded with the above- 
mentioned interglobular spaces. Acetic acid dissolved neither the 
canals nor the globules. Hence, according to Hoppe, the canals, 
ike the bone-corpuscles, possess independent walls which do not 
consist of a gelatigenous substance ; Hoppe considers the globules 
to be cells. 

Slight as is the resemblance between dentine and osseous tissue 
in a morphological point! of view, there is still less similarity 
Detween the vitreous investment of the crown of the tooth (or the 
enamel) and bone. The enamel is a very hard and rather brittle 
‘compact mass, not permeated by canals or pores, and composed of 
fibres resembling 4 or 6-sided prisms, diverging from the crown of 
the tooth: whether these fibres (the so-called enamel prisms) are 
agglutinated together by a special intermediate substance, is not 
yet decided: a more accurate chemical investigation may probably 
‘enable us to determine this point. 

According to Hoppe,{ the enamel, after the extraction of its 

© Zeitsch.f, wise Zool. Ba. 2, 8, 295-992, 

+ Arch. f. pathol. Anat, Bd, 6,8, 170-168, 
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salts by means of hydrochloric acid, leaves structures which pre~ 
sent the characters of epithelium; the remains of the prisms 
readily fall asunder, and do not dissolve on boiling, but break in 


While the crown of the tooth is covered by enamel, the neck 


sition of the dentine and the enamel, and von Bibrat has devoted 
‘much attention to the same subject. All that is known regarding 
the chemical constitution of the teeth and their individual histor 
logical parts, we owe almost entirely to these observers. 

The chemical composition of dentine is very similar to that of 
bone; the organic matter consists of gelatigenous cartilage, whilst 
the mineral parts are precisely the same as those occurring. in the 


varying, approximati 
3 ton eset fo aa onsercing in ede SC 
‘the majority of the stall number of cases recorded, the organic sub- 
stance amounts to ahout 268. A little fat ix always found to be 
present with the cartilage, ‘The mineral constituents of dentine 
are identical with those of the dense bones, and occar in nearly the 
same relative quantities. ‘The quantity of carbonate of Time 
appears, however, to be more variable here than in the bones; 
from $ to 8. of carbonate of lime have been found with from 65 to 
678 of phosphate of lime, Berzelius demonstrated that fluoride 
of calcium and phosphate of magnesia are also present in the 
dentine. 


"The enamel differs in a chemical point of view from den- 


* Lehrb. der Chetn, Ba. , 8, 658, (4 Auth) 
‘F Op. cit. p 378, 














for the most part on boiling, and leave only a deposit of granular 
nuclei and a few cells. ‘The gelatinising fluid obtained from these 
exhibits nearly the same reactions as the chondrin 


been reckoned fibro-cartilages, but J. Miller showed 
ong since, (in the ease of the sheep,) that they yield no chondrin, 
‘bot glatin only, on Donders, - and other histo- 





ee | 


‘the microscope to the action of a solution of potash, sulphuric 
and wat the gaa or aight oe 


first disappeared, 
ne tke ictal neo se (was so ppt Sec OSE 
ta tha naion of sale ac) then to membranes of the 


they 

Con aeesaeereriong while, on the other hand, 
the semilunar cartilages of the knee, notwithstanding their con 
taining an abundance of cartilage-cells, yield only glutin, and not 
‘a trace of chondrin, It was this last-named cirourostance that 
induced Hoppe* to take up the: rigid investigation of fibro 
‘cartilage and its relations, and he came to the conclusion that the 
are imbedded in a chondrin-yielding substance 
within the clastic tissue. He found, namely, that after elastic 
‘had been boiled for three hours, a certain amount of 


cartilage-cells cannot consist of gelatigenons substance, and was led 
to the axiom that cell-membranes and cell-contents never consist 
of such a substance, and further, that a cell-membrane can never be 


quantity 
sulphur ; but the amount of this substance in the tissue of true 
‘eartilage, and whether the sulphur exists in all, or only in some of 
© Arch. f. pathol Anat, Bd. 5, 8, 170-180, 
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the morphological constituents of the cartilage, are questions still 
to be answered. 

Fat has been found in the cartilages to the amount of from 23 
to 52 of the dry substance ; it occurs principally in the cells, but 
is also found in solitary globules and in the intercellular substance 
of true cartilage. Small fat-globules may be discovered in almost 
all cartilage-cells in addition to the simple or multiple nucleus, and 
occasionally the nucleus is rendered perfectly invisible by being 
completely enveloped in fat. No very essential difference has 
been found to exist between this fat and the fat of other organs. 

‘The amount of water present in the cartilage, and which must 
obviously exert considerable influence on its physical properties, 
varies in different cartilages, fluctuating between 54g and 703. No 
definite series of experiments, conducted on a given system, 
have been made in relation to the quantity of water contained in 
different cartilages, or as regards the specific gravity of these 
tissues. 

‘From 3§ to 6 of mineral substances have been found in the 
cartilages, but the experiment was limited to the cartilages of the 
ribs, and even these have not been examined with sufficient accuracy. 
Phosphates of lime and of magnesia, chloride of sodium, carbonate 
of soda, and (what is more remarkable) a large quantity of sulphates, 
were found; but it can hardly be doubted that the latter are in part 
due to the sulphur of the organic substance of the cartilage. ‘The 
occurrence of alkaline carbonates indicates, as Berzelius* has shown, 
that the cartilaginous substance must be partly combined chemi- 
cally with lime or soda; but whilst Fromherz and Gugert found 
upwards of 182 of carbonate of lime in the ash of cartilage, von 
Bibrat found at most only traces of alkaline carbonates in the costal 
cartilages of the human subject at different ages, as well as in 
those of animals, ‘The very variable quantity of chloride of sodium 
found in the ash of cartilage (from 12 to 8) would seem to 
indicate that it does not exist in chemical combination in the 
cartilage, but that it originates in the special juice which permeates 
that tissue, and which, unfortunately, has not yet been investigated. 

‘The methods to be adopted in the analysis of cartilaginous 
tisewe are sufficiently obvious from the remarks in the preceding 








[Much information on bone, the teeth, and cartilage, will be 
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found in Schlossherger’s ‘First Attempt at a General and Com= 
parative Animal Chemistry," now in the course of publication. 


8.0] 





Connective Trssux, 


‘Tux term connective or areolar is applied to a tissue which is 
chemically allied to cartilage, although of a simpler character, and 
‘is understood by histologists to comprise not merely that porous, 
soft, cellular tissue, characterised by the readiness with which it may 
be filled with air, which connects together the organs and various 
tissues of the animal organism, and was formerly termed cellular 
issue, but also those morphological elements which constitute the 
solid basis or the main constituent of no inconsiderable number of 
animal membranes and ligaments. ‘This tissue, uniting the organs. 
with one another, which forms a network of variously sized meshes, 
Seppe ct ane Sse: Airs St sek pa ek 

‘named amorphous connective tissue, but it very 
Parailyated ses a ent otter the serous membranes 
‘and muscular fasciee contain a dense network of rather large meshes; 
when the bundles of fibres follow a more definite direction, and 
approximate more closely to one another, forming dense striated 
‘masses, tendons and ligaments, will be the tissues developed from. 
them, ‘The connective tissue may also, to a certain extent, impart 
their form to the burse mucose, to the matrix of the mucous 
‘membranes, to some of the above-mentioned inter-articular carti- 
Inges, to the sub-mucous areolar tissue of the intestine (the Tunica 
‘nerceo), to the dartos, to the longitudinal and annular fibrous conts 
of the veins, &e. 

Unfortunately, however, a careful microscopico-mechanical ex= 
amination shows that the tissue we are investigating is not a 
simple one. an ea cones, without exception, | 

both mechanically 


hitherto been unable to make an analysis of this tissue in a per 
* Erster Vermch ciner allgemeinen und vergleichenden Thierchemie, 
+ [The terme emorplows anil formed connective tanue were introduced by 
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fectly unmixed condition. . In addition to vessels, nerves, fat- 
cells, and similar structures, the connective tissue constantly 
exhibits elastic fibres (nuclear fibres), and very frequently also 
smooth muscular fibres. As these intermixed parts do not admit 
of being mechanically separated from true connective tissue, such 
tissues only have been selected for chemical anal 
the fewest of these morphological elements. On 
tendons, for instance, have been chosen for analysis, But when so 
accurate an analyst as J. Scherer* has found that the chemical 
elements are in the same numerical relations in tendon, notwith- 
standing this admixture, as in the glutin produced from connective 
tissue, we cannot wholly reject the assumption that the connective 
tissue possesses the same elementary composition as glutin. Much 
weight cannot, however, be attached to conclusions drawn from 
the best elementary analyses of these substances with high atomic 
weights; for even the fact that the tendinous tissue intersected 
with elastic fibres was found to present the same ultimate compo- 
sition as the glutin produced only from the fibres of connective 
tissue in the tendons, sufficiently proves that our analytical methods 
are not very sensitive in detecting slight admixtures of even very 
different substances. We should, however, be guilty of rashness, 
if we regarded it as an established fact, that the connective tissue 
is isomeric with glutin; for the constitution of the latter has not 
been determined with certainty. 

On placing connective tissue in boiling water, it usually at first 
contracts, but soon swells up, assumes a gelatinous form, and dis- 
solves after prolonged boiling (the length of time depending upon 
the density of the tissue, or the minuteness of its previous divi- 
sion). It contracts also in a slight degree, and thus loses the ten- 
dency to putrefaction, when treated with bichloride of mercury, 
alum, basic sulphate of iron, and tannic acid. If the connective 
tissue is treated for a prolonged time with dilute acids or alkalies 
at the boiling point, it is found to be much more rapidly metamor- 
phosed into glutin than when it is boiled in mere water. 

‘The connective tissue swells in concentrated acetic acid and be- 
comes transparent, or at all events this is the case with the tendons, 
ligaments, &e., which are chiefly formed of this tissue; but this 
gelatinous mass is only thoroughly dissolved on the addition of water 
and the application of heat, and neither red nor yellow prussiate of, 

produces any precipitate from this acetic-acid solution. The 
true fibres of the connective tissue are found by micro-chemical in- 
Ann, d.Ch. Pharm, Ba, 40, 8. 1-45, 
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‘vestigation to swell on the addition of dilute acetic acid,andto become 
transparent, till they finally altogether disappear; but they are not 
‘actually dissolved even after many hours’ exposure to this action, 
for on washing with pure water, or on neutralising the acid with 
ammonia, they may be rendered perfectly visible in their original 
form. As most of the other textural elements which are intermixed 
‘with the connective tissue are not similarly affected and rendered 
invisible by acetic acid, they are brought more distinetly in view 
‘y its application ; and hence this agent becomes a valuable aid to 
‘the histologist in his study of the tissues, 

‘The fibres of connective tissue also swell and assume a gela~ 
tinous form in alkalies, but after the prolonged action of the alkali 
they cannot be again brought to view by the addition of water, 
being completely dissolved, 

‘We thus close our remarks on these three groups of tissues, which 
ere al india wt gelatipences, even Uy the der 
and in which the most. recent investigations ined a 

very surprising analogy. "The labour of Virchows" Donde t and 
Kolber bave Ghrown wwuch Tight upon this subject. Donders 
i race cele in ik poli, Sat ea ee 
intercellular substance of these tissues does not originate from 

cells, but is directly separated from a plastic fluid, while the 
other elements in these cases (as for instance, in hones, the bone 
corpuscles with their prolongations; in cartilage, the cartilage 
cells; and in connective tissue the nuclear or elastic fibres with 
their nuclei) are primarily formed from cells. Kolliker is also 
convinced that the nuclear fibres are undoubtedly not formed from 
‘the nuclei of the cells of embryonic connective tissue, but from the 
ccll-walls, but he denies that the fibril of connective tissue are 
‘a direct deposition from the cytoblastema, 

‘We must not here overlook the fact, which is remarkable in a 
hero point of view, thatthe esbryone eonoestive tee noord 
jing to Scherer, contains no gelatin, but consists, in addition to 
fusiform cells, of a peculiar intercellular substance, which on diges~ 
tion with water yields not only albumen, but a gelatinous or mucous 
substance. Virchow has proposed the term “ mucous tissue” for this 
‘cass of structures, of which the gelatinous substance of Wharton 
{in the umbilical cord) affords the best example, 


* Verhandl, d. phys-med. Gos.zn Wiraburg, Ba. 2, 8, 190.0. 314, 
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‘Tue elementary fibres of this tissue are somewhat extensively 
distributed in the animal organism, although they seldom occur in 
sufficiently large quantities to form special organs ; they occur, for 
instance, in the yellow elastic ligaments (the ligamenta flava of the 
vertebral column, the inferior vocal cords, the ligamentum nuchos 
of mammals, the elastic ligaments of the claws of animals of the 
Felide, and the hinge-ligament of bivalves). We meet with larger 
groups of elastic fibres connected into membrane-like sheaths in the 
fascia lata, and in the middle coat of the arteries and veins. Smaller 
accumulations of elastic fibres also occur in many other parts, as 
for instance, in the corium, and under the mucous membrane, more 
especially in the pharynx, the pylorus, the cweum, &e. We need 
‘only observe here that the elementary fibres of this kind are met 
with under different forms of grouping, either in wide-meshed or 
very intricately formed nets having hook-like indentations; as 
fenestrated membranes exhibiting tolerably large intervals, and 
resembling an anastomising vascular network ; or lastly, only as 
bundles or fibres twining around other tissues in a 
It is at the present day assumed by most histologists, that these 
true elastic fibres, which occur in the form of flat, rather broad, 
somewhat brittle, and much ramifying bands, are perfectly identi- 
cal with those far narrower, spirally coiled nuclear fibres, which 
are often studded with nuclei, and are invariably present in con- 
nective tissue; and they have arrived at this conclusion, partly from 
watching the development of these tissues, and partly because the 
slightest transition from one form to the other admits of recogni- 
tion; moreover, the chemical reactions of the two forms do not 
indicate any difference between them. 

‘The elastic fibres never occur independently of other histological 
elements, however much they may predominate; most commonly 
they are found intermixed with the fibres of connective tissue, very 
frequently also with smooth muscular fibres (Kélliker’s fibre-cells),* 
as in the middle coat of the arteries. Close to the fenestrated coat, 
the elastic fibres, intermingling in part with nuclear fibres, merge 
into the so-called contractile tissue, which is principally formed of 
these smooth fibres, to which they undoubtedly owe the property 
of contracting under the action of cold (Schwannt) or magnetic 

© Zeitachr. f. wis, Zool. Ba. 1, 8. 78-02. 

+ Miller's Handb. der Physiologie. Bd. 1, 8. 170, u. Bd. 2, 8. 20 (or 
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fare wholly deficient in animal contractility, and are only dis 
for their 


fibres were entirely unchange 
‘M.S, Schultze!) has arrived at the conclusion, that the purified 

elastic fibre of the arterial coats is but slightly, or not at all changed, 

‘even after ithas been boiled for sixty hours with water; whilst on the 

other hand, it: becomes converted into a brownish 

‘luid, which has an odour of gelatin, after 80 hours’ boiling at the 





aise inang. Boro. 
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According to the investigations of Donders and Mulder, elastic 
fibre is entirely insoluble in cold concentrated acetic acid. It is 
only after continuous boiling for some days in this acid that it gra- 
dually dissolves. 

‘When heated with moderately diluted Aydrochloric acid, it dis- 
solves with a brown colour; the dissolved substance is soluble in 
water and in aleohol. 

Xanthoproteic acid is formed by the action of nitric acid. 

According to Zollikofer,® when pure elastic fibre is digested in 
sulphuric acid, diluted with 1} times its weight of water, it yields 
Teacine only, and no glycine. 

[We may here remark, that Zollikofer recommends the follow- 
ing as the best method of preparing leucine. Take elastic tissue, 
(Gor instance, the ligamentum nuchee of the or,) purify it by extrac- 
tion with boiling acetic acid and with water, and afterwards boil it 
for forty-eight hours with sulphuric acid of the above-mentioned 
strength, then neutralize with milk of lime, boil the pulpy mass 
that is now formed, and filter. During the evaporation of the 
filtered fluid on the sand-bath, the lime-salts that become deposited 
rust be as far as possible removed. On further evaporation in the 
water-bath, the fluid readily yields crystals of leucine. No glycine 
(as is remarked above) is formed, and the leucine may be purified 
without animal charcoal by mere recrystallization in spirit and 
alcohol.—o. &. D.] 

Elastic tissue remains unchanged for a long time, at an ordinary 
temperature, in a moderately concentrated solution of potash, and 
it is only after it has been heated for some days that it becomes 
converted into a gelatinous mass. 

Pure elastic fibre cannot be obtained by mechanical means, but 
must be procured, as we have already observed, by removing the 
Aibrille of cellular tissue and the fibre-cells by boiling with acetic 
acid, and then adding a dilute solution of potash. 

Tilanus found in the elastic substance of the ligamentum 
nuche, after it had been purified in the above-described manner, 
55°75$ of carbon, 7-418 of hydrogen, and 17-748 of nitrogen. 
‘We do not think that any reliable formula can be obtained from 
this analysis, even by the help of the analysis of the chlorine- 
‘compound. 

Donderst has recently come to the view, that all cell-mem- 
branes consist of a substance identical with, or at all events, very 

© Ann. der Ch. u. Pharm, Bd. 82, 8. 168-100. 
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similar to elastic tissue. ‘This opinion is specially based on histo~ 
logical grounds, and rests, on the one hand, on the development of 

clastic tissue and especially of nuclear fibres from the walls of cells, 
and on the other hand, on the circumstance that certain membranes 


following physical 

another and with the elastic tissue obtained from them. ‘The phiysi~ 
‘eal properties are their structureless, glossy character, their trans 
parcncy, elasticity, strong refractive power, and a specific gravity 
higher than that of water. The chemical properties are their insoli= 
lity in water leo snd ether (sl the physic] propertionremaiy 


throws down from the alkaline solution a substance which isinsolu- 
‘ble in an excess of the reagent, and possesses the main characters of 
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dermic and epithelial cells, and the cells of the glandular follicles 
(Kélliker), are composed of a protein-body, that is to say, a sub- 
stance far more nearly allied to albumen and fibrin than to the 
matrix of elastic tissue, seeing that they are readily soluble in acetic 
acid, and in very dilute alkalies. 





Horny Tissux. 


Iw former times the tissues belonging to this class were regarded 
‘as amongst the simplest in the animal organism, and considered 
merely as different forms of one and the same matrix, which cer- 
tain chemists were ready enough to discover, and to designate by 
the term Keratin. ‘The xealous labours of recent histologists have, 
however, shown us that even these apparently homogeneous tissues 
have a complicated, and in many respects, a variable structure. 
‘There exists the same correspondence between the structure of 
the epidermis, the nails (claws and hoofs), the horns, and whale- 
bone, as that which we observe in the chemical constitution of 
these tissues, all of which are 20 far analogous to one another that 
‘they proceed from cells or nucleated vesicles, which are not morpho- 
logically developed like the cells of other organs, but to a certain 
extent dry up, and are only agglutinated together by an inter- 
cellular substance, which often does not very readily admit of 
detection. They also exhibit great resemblance in a chemical 
point of view, for when compared with other tissues they all 
contain a large quantity of sulphur in combination with a sub- 
stance, or with atomic groups, whose origin from, or affinity with 
the so-called protein-bodies cannot be denied when we consider 
their behaviour towards certain reagents, and their per-centage com- 
position. Although we are still far removed from a correct know- 
ledge of the chemical constitution of these tissues, or rather of 
their elements, chemistry has, nevertheless, very largely contributed 
to place the question of the histological conformation of these 
tissues on a level with the present state of science; in confirmation 
of which we need only indicate the admirable labours of Donders* 
and Mulder, of Paulsent, Kalliker,t and several other observers. 

 Hollindicho Beitrige. Bd. 1, 8, 39 1, 126, and Mulder's Vers. ein, 
physiol. Chem. 8, 642-579 [or English Translation, pp. 03-530) 
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‘The questions to which the present condition of histological 
‘inguiry leads the chemist in his examination of the horny tissues, 
are briefly these:—Is there a substance which holds together the 
cells of these tissues, agglutinating them to a certain extent, and, if 


tissue, in the same manner as we can isolate elastic fibre by 
See ewes feo, De rhon Kemets x he ee 
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have already observed, a closer insight into the histological than 
the chemical constituents of the horny tissues. 

‘The horny tissues become gradually loosened when treated with 
cold or warm water. ‘The epidermis is rendered 0 soft after pro- 
longed soaking, as to admit of being easily broken down, and 
separated into individual cells, or smaller accumulations of them. 
‘The cells themselves are rendered more distinct ; the extremely 
thin, irregularly formed epidermic plates appear somewhat swollen 
and faintly granulated. ‘The nucleus, if one be present, becomes 
more distinct. The cylindrical or round cells of the rele muco- 
sum, which contain a nucleus, and resemble vesicles expanded 
with fluid contents, are but slightly altered by the action of water. 

‘The nails are on the whole very similar to the epidermis ; h 
ever they only swell in water and become softer, without admitting 
of being triturated. 

Horns and hoofs soften in water, especially on the application 
of heat, and then commonly develope a little sulphuretted hydro- 
gen. The cellular structure cannot easily be recognised under the 
microscope, even after the tissue has lain for a long period in water; 
scarcely anything beyond fibres, which often appear to be torn, can 
be detected. 


‘Water produces no visible alteration on whalebone or tortoise 
shell, whether it be applied hot or cold, and however long it may 
be suffered to act upon either. 

‘The best reagents for exhibiting the cellular structure of all 
these tissues are highly concentrated solutions of the caustic 
alkalies ; in many cases caustic soda, as recommended by Killiker, 
in preferable to caustic potash. A dilute solution of potash or soda, 
especially on the application of heat, acts, however, more rapidly 
upon the epidermis, and exhibits its cellular structure far better 
than the concentrated solutions. ‘The concentrated solutions 
render the epidermic plates roundish, pale, and smaller and it is 
only after a prolonged action that they swell, and distinctly exhibit 
their cellular form. Dilute alkalies convert the epidermic plates, 
in a short time, into oval or spherical clear vesicles, without @ 
nucleus or granular contents, The cells of the rete mucorum 
show still more distinctly that the nuclei of the epidermic cells are 
sooner and more rapidly dissolved than their cell-membranes ; for 
if the epidermic cells are exposed to the prolonged action of hot 
solutions of caustic alkalies, the cell-walls become dissolved, so 
‘that there only remains a small gritty and partially granular mass. 

‘A solution of potash acts upon the substance of the nails in 
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detects even still less alteration in whalebone or tortoise-shell that 
has been acted upon by this acid, although the former is converted 
into a gelatinous substance when boiled with the concentrated acid. 

‘The epidermis very rapidly swells in concentrated sulphuric 
ting vesicular cells which become even more distended 
‘on the addition of water. ‘The cells of the rete mucosum remain 
unchanged in cold sulphuric acid, but when boiled they are com- 
pletely dissolved. 

Concentrated sulphuric acid acta very slowly on the substance 
of the nails, but“on the application of heat it brings into view, in 
the course of a few minutes, flat, polygonal cells, some of which 
are provided with nuclei. 

It is only after the prolonged action of concentrated sulphuric 
acid for many hours that cows? horn gradually resolves itself into 
cells. 

‘Whalebone is gradually converted, by id, into a mucous 
‘mase, in which the cell-membranes may be distinctly recognised. 

“Sulphuric acid exerta an equally inefficient action on tortoise- 
shell, and it is only after prolonged soaking or boiling with concen- 
trated acid that cells can be detected in the gelatinously swollen 
mass; but even these are not isolated. 

Concentrated nitric acid imparts a yellow colour to most horny 
tissues, and isolates the cells of some, without, however, bringing 
‘them distinetly into view. 

‘These tissues have, as we already observed, been subjected to 
elementary analyses, after having been previously treated with 
alcohol and ether. In order to exhibit the analogy of their com- 
position, we subjoin the empirical results obtained from the ana~ 
lyses of Scherer,* Mulder, Tilanus,t and van Kerckhoff.t 
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and sulphuretted hydrogen which we see developed on the macro- 
chemical treatment of these tisuss with even very dilute alka- 
lies, are not derived from the main substance—that is to say, the 
cell-membranes—but must originate in the cell-contents, or what 
in still more probable, in the connecting medium. If therefore a 
sulphamide of protein actually exista, it must be sought for in the 
tissue connecting the cells of the horny tissue, or, at all events, in 
their contents. 

‘Although this connecting medium or true intercellular sub- 
stance of the horny tissue can certainly not be detected by the 
microscope, it cannot possibly be wholly wanting; for inde- 
pendently of the fact that some of the above-described micro- 
chemical reactions testify to its existence, it would not be easy to 
‘understand¥how the cells formed in the mucous layer—the true 
matrix of this horny tiseue—and driven forward, and gradually 
drying during the growth of the tissue, could entirely divest them- 
selves of the adhering plasma. The cell-contents and the inter= 
cellular substance, the cell-wall and the nucleus, must stand in 
the active living cell, not only in a physical, but also in a chemical 
antagonism ; and cannot possibly so far lose this diversity of che- 
racter in the dried, atrophied, or disintegrated cell, as to form a 
chemically homogeneous substance, a simple sulphamide com- 
pound. 

‘These remarks are by no means intended as an attack upon 
‘Mulder, whose labours, even on this subject, are very valu- 
able. 


Tae Harm. 


Ir we are scarcely able to arrive at a clear or distinct view of 
the chemical relations of the morphological elements of the com- 
paratively simple horny tissues, we are still less able to do s0 in 
reference to the far more complicated tissue of the hair. On 
examining a hair, we find that there are at least three morpho- 
logically different substances brought under our notice; namely, 
the cuticle, the cortex, and the medullary substance. 

‘The cuticle of the hair consists of plates arranged in the 
manner of tiles, one above the other; these are rendered more 
visible, according to Donders and Kolliker, by the use of those 
reagents which cause the cortical substance of the hair to swell, as, 
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more rarely, round cells, which, after the above-mentioned treat- 
ment with potash, are seen to contain dark fat-like granules, in 
addition to a clear roundish or oval speck (the rudiment of a 
nucleus). Many of these roundish grey granules are observed 
between these cells in fresh hair that has not been treated with 
potash. Killiker* has shown by several admirable experiments, 
that the dark granules which occur in coloured as well as in white 
hair, are for the most part mere cavities filled with air occurring 
between and in the dried medullary cells. 

Such are the most important histological grounds on which 
‘rational chemical examination of the tissue of the hair must be 
based. Unfortunately, however, chemists have hitherto been 
unable to analyse the hair when considered from this point of 
view. We have some admirable observations on this subject by 
Scherert and van Laér,t who, although they have not investigated 
the chemical constitution of these parts in accordance with histo- 
logical requirements, have yet exhibited the great analogy subsist- 
ing between the substance of the hair and other horny tissues, and 
have, moreover, successfully elucidated several important points 
involved in the inquiry. 

Scherer’s elementary analyses of the hair correspond with 
those of Laér, excepting that there is a slight difference in the 
amount of hydrogen : 











Carton. 
Hydrogen 
Nitrogen 
Oxygen 
Salphur 


Like inost other horny tissues, the hair dissolves, with the 
exception of a few fine molecules, on prolonged digestion in a 
solation of potash, there being at the same time a development of 
ammonia, The solution yields on the addition of acetic acid a 
slight deposit, which is a iess oxidised protein-compound than the 
far more considerable precipitate produced by the addition of a 
larger quantity of acetic acid; the latter, which is Mulder’s 
deutoxide of protein, contains sulphur, and entirely agrees in its 
reactions with the substance which is obtained by the precipitation 
of the alkaline solution of other horny tissues on the action of 





* Op.cit. p. 16. 
+ Ann.d.Ch, w Pharm. Ba. 40, 8. 8-63. 
+ Wbid, Vol. 45, pp. 147-183. 





acids. Mulder also regards the substance of the hair as a sulpha- 

‘mide compound. No conclusions can be drawn from any analyses 

hitherto made in reference to the nature of the individual consti 

tuents of the hair, as, for instance, its connective tissue, cell- 
ke. 


the closest: search, Laér was unable to discover 


that white hair is perl ae, oe Se tos roa 
stance it mainly owes its glistening colour. Laér has further 
shown by numerous experiments on differently coloured hair that 
the iron which is present, and to which Vauquelin had drawn 
attention, exerts no influence whatever on its colour. 

Laér found nothing but margarin, margaric acid, and olein in 
the fat extracted from hair ; this fat had an odour of hair, or rather 
of sweat, 

‘The amount of ash in the hair differs very much, although it 
does not bear any relation to the colour, or any other property of 
the hair. Lair found from 0-54 to 1°85$ of ash in the hair, and 
from 0-058 to 0°390$ of peroxide of iron, but he could not detect 
‘manganese ; he found, however, some silica with phosphate of lime. 
‘Von Gorup-Besanez,* who has made a very elaborate examination 
of the quantity of silica in the hair, found that the hair of animals 
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species, &c., on the quantity of silica in the feathers. 
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Cowrracrize Frere-Ceius. 


‘We are especially indebted to the recent investigations of 
Killiker* for a more accurate knowledge of those histological 
elements which have hitherto been included in their aggregation 
in the animal body under the name of organic or smooth muscular 
fibres, ‘These cells commonly appear in the form of long fusiform 
‘narrow fibres, with finely attenuated extremities, frequently also in 
that of elongated, quadrangular, or club-shaped plates, whose mar- 
gins are occasionally fringed. ‘The majority exhibit, especially when 
acted upon by acetic acid, a prominent nucleus, which is either 
cylindrical or baton-like. The nucleus appears to be perfectly 
homogeneous, a nucleolas being scarcely ever found init. The 
mubstance of the cell occasionally exhibita pale or dark granules, 
which are partially arranged in rows corresponding to the axis of 
the fibres, but in other respects this is also homogeneous. It 
cannot be decided with certainty whether it is surrounded by any 
special cell-membrane. ‘These fibre-cells form by the lateral juxta- 
position of their extremities the bundles of smooth muscle which 
are visible to the naked eye, and occur, amongst other places, in 
the inteatinal canal. Kélliker divides the smooth muscle into the 
pure and mized variety, according as the cells are arranged in 
larger quantities so as to form bundles and membranes, or are 
merely interspersed amongst other simple tissues; to the former 
class belong those which have been long known, and in which 
Henlet first recognised the presence of true fibre-cells, namely, 
the muscular coat of the lower half of the oesophagus, of the 
stomach and intestinal canal, the nipple, the bladder, the prostate 
gland and vagina. ‘The coarser bundles of these muscles are like 
wise held together by connective tissue, but they are not so 
thoroughly intersected by it, and divided into separate fibrillee, or 
smaller bundles of fibrille, as the mixed smooth muscles. ‘The 
latter, which often appear as if they were scattered over connective 
tissue, embedded, as it were, in the elastic and nuclear fibres, were 
first shown by Kélliker ¢ to occur principally in the trabecular 
tissue of the spleen. They have since been discovered in many 
other compound tissues, which had been known as contractile and 
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histological 
elements, without our recognising these cellular parts as identical 
with organic muscular fibres ; especially in the tunica dartos, in the 
middle coat of the arteries, in the choroid coat of the eye, in 
the yeins and Iymphaties, in the corpora cavernosa, the prostate 
gland, the Fallopian tubes, the uterus and urethra; also in many 
‘imucous membranes, and especially around the intestinal villi 
(Briicke). In the trachea, the bronchi, the ureters and vasa 
deferentia, as well as in the internal muscular tunic of the testicle, 


in conjunction with E. H. Weberyt in detecting the contractions 
in veins and arteries of medium and small calibre in nearly the 


 Handwarterbuch dor Physiologie, Dd. 3, Abth. 2, 8. 1-123, 
+ Berichte der i. sitchs. Goss, d. Wiss, 1049, 8, 91-00, 
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parative demonstrations of the elements of motion in the lower 
animals, that this contractility, or property of contracting on the 
application of stimuli to the nerves, is not connected in the animal 
‘organism solely and exclusively with the fibre-cells of the smooth 
muscles, but appertains to other histological forms, such as amor- 
phous membranes, tubes, vesicles, filaments, &c. 

Our interest is naturally increased, as we here find ourselv 
dealing, for the first time, with a form of animal tissue which 
exhibits vital activity, or, in other words, moves through the 
influence of the nerves; and we find, moreover, that the chemical 
relations are here wholly different from those which we have 
hitherto noticed in those tissues of the animal organism which act 
solely by their physical properties. 

‘The following remarks embody all that is known from my own 
observations, and those of Donders,* Schultze,+ Paulsen,t and 
others, in reference to the micro-chemical reactions of these 
fibre-cells. 

‘The moat generally known of those is the action of acetic acid, 
which, when employed in a more or less diluted state, causes the 
‘substance of the fibre to swell, whilst it increases its transparency ; 
the nucleus, which was pale and scarcely visible, now stands ont 
more prominently, and commonly presents the appearance of a 
sharply outlined, baton-shaped, often somewhat bent and even 
twisted dark body, in which no nucleolus can be seen. Accord 
to Kalliker, acetic acid frequently causes the nuclei to contract in 
a slight degree ; not unfrequently, it induces an augmentation in 
their breadth, rendering the’ nuclei paler instead of darker. 

Concentrated acetic acid completely dissolves the fibre, until 
even the nuclei are gradually rendered indistinct. Fat-globules 
and molecalar granules are then the only things to be discovered 
between the hyaline fibres of connective tissue. 

Extremely dilute hydrochloric acid (1 part of anhydrous acid 
in 3,000 parts of water) behaves in almost the same way as 
dilute acetic acid, although, according to my experience, in a more 
decisive manner. The nuclei appear more distinct and dark, the 
substance of the cell becomes very pellucid, but at the same time 
assumes a curled or wave-like appearance ; the nuclei lying in a 
curve of the fibre present, collectively, a crescentic appearance, 
and their extremities are in some cases twisted in opposite direc- 
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prolonged exposure to the action of the acid, entire, finely striated 

bundles are brought into view. Water causes the fibres to swell, and 

form thick, sharply outlined strings, in which state they resemble 

the representations (or rather the diagrams) formerly made by 
fibres. 
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slightest pressure into greenish yellow, somewhat curled rods, 
which nowhere exhibit, with certainty, even a trace of a nucleus. 

‘The prolonged action of a didute solution of soda loosens, softens, 
and finally dissolves the bundled of fibres, leaving only fine long 
threads, which belong to the nuclear fibres. At the same time 
a number of coarse granules of a very irregular form are brought 
into view, whose chemical natare could not be closely investigated. 
‘There were no nuclei to be detected. 

‘A concentrated solution of potash, after prolonged action, causes 
the almost total disappearance of the individual fibres, there 
remaining only rows of granules. On the addition of water, every- 
thing is dissolved excepting some minute filaments (in the same 
manner as by the action of dilute soda). 

‘The fibre-cells undergo no visible alteration in a solution of 
moderately concentrated carbonate of potash. 

On digesting a carefully prepared and well-washed portion of the 
mmuscalar coat of the stomach of a pig for a prolonged period (from 
18 hours to 3 days) in a solution-of 6 parts of nitrate of potash 
in 100 parts of water, at a temperature of 80° or 40°, no essential 
change will be observed in the individual smooth muscular 
fibres; as in the case of carbonate of potash, they simply swell, 
and become somewhat more translucent. No nuclei can be dis- 
covered in either case. ‘The muscular substance itsclf becomes 
somewhat harder. 

Millon’s reagent (see vol. i, p. $28) colours the whole mass of 
the bundles intensely red, but when seen under the microscope the 
individual fibre-cells do not appear very highly coloured. 

‘An aqueous solution of iodine causes the fibre-cells to shrivel 
up, renders the nuclei less distinct, and imparts a yellow colour 
‘to the whole mass. The nuclei cannot be brought into view even 
by the repeated application of a dilute acid, 

‘The bundles of fibrils become gelatinous in concentrated 
phosphoric acid, Under the microscope, fibrillation is still per- 
ceptible, which, however, becomes more distinct on the addi- 
tion of water to the object. Here, too, we have a granular matter 
which does not, however, appear to contain a nucleus. The 
granules precisely resemble those which are brought into view on 
the addition of water, after the fibres have been treated with con- 
centrated hydrochloric acid or a potash solution. 

Tf the middle coat of the arteries, or the muscular coat of the 
stomach or intestinal canal, be treated with concentrated acetic 
acid, after having been cut in shreds and carefully rinsed, and 
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‘The substance of the fibres of smooth muscle behaves towards 
very dilute hydrochloric acid (1 p.m.) in the same manner as 
Lichig* showed was the case with the strinted fibres. (See note to 
‘voli, p-359, on Syntonin,in the Appendix.) Thus, for instance, if 
disteidlen sof sheniomes (ices e/a ee 

rinsed be treated with hydro- 





syntonin from striped muscle; the flakes, which gradually separate, 
cpap 
solution 


cipitated 

alkalies and alkaline earths; as, for instance, ebloride of potassium, 
sulphate of soda, hydrochlorate of ammonia, chloride of calcium, 
‘and sulphate of magnesia. 

T obtained precisely the same reactions on treating the well- 
washed middle arterial coat of the ox, the bladder of the pig, and 
the tunica dartos of the bull in similar manner with dilute hydro- 
chlorie acid. 

aa pelesnes tn be cheniely denote 
muscles. Kélliker thought he could sometimes perceive indica 
tivns of «a cell-membrane in individual fibre-cells, but I have been 
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fibre. He found that both kinds of muscle were perfectly identical 
in composition (52°3§ of carbon, 7-22 of hydrogen, and 15°33 of 
nitrogen). We think that thia coincidence scarcely proves anything 
‘more than the insufficiency of our elementary analyses ; for sup- 
posing that the fibre-cells of smooth muscle were identical with the 
fibrila of striped muscle, it appears singular that the presence of 
sarcolemma and of tracheal ramifications in the one tissue, and of 
fibres of connective tissue in the other, (that is to say, of foreign 
substances, which cannot be removed by the most careful prepara- 
tion,) should not induce any difference in the results of the analyses. 
We do not, therefore, think that we are justified in drawing a con- 
clusion in favour of the identity of composition of the organic 
elements of motion from these analyses, although they were un- 
doubtedly conducted in accordance with the beat chemical methods. 

If, as it would appear, smaller quantities of carbon and nitrogen 
have been found to be present in the tissues which have been 
analysed than in fibrin and albumen, it is more probable that 
the difference is rather owing to the amount of connective tissue 
‘and of chitin, than to a different composition of the contractile 
elements themselves, 

We have, therefore, regarded it as more in accordance with the 
inductive method to institute, for the purpose of comparison, various 
elementary analyses of this substance, which is extractible from 
every contractile tissue by dilute hydrochloric acid, first pre 
tating it by a dilute solution of soda, and then extracting it with alco- 
hol and ether. Although we have not so far deceived ourselves as 
to regard as perfectly pure this matter which, at all events, is mainly 
derived from the substance of the contractile fibre-cells, (such a 
supposition being controverted on chemical as well as histological 
grounds,) we yet believe that the analyses of this matter, obtained 
from different compound contractile tissues, are better adapted 
for comparison, and lead to more reliable results, than the 
analyses of the complex tissues themselves. And in point of fact, 
this cell-substance, which is soluble in water containing hydro- 
chloric acid, invariably presented the same composition, whether it 
had been obtained from the muscular coat of the stomach of the 
pig, or the middle arterial coat of the ox, or the tunica dartos, or 
the bladder. It also appeared that this substance, which is 
derived from smooth muscular fibres, has the same composition as 
the analogous substance derived from striped muscular fibres, 
which was first obtained by Liebig and analysed by Strecker. As 
we shall have to consider more fully in another portion of this 
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‘to be altogether peculiar to 

Ceeney toon the fibrin of the blood, and lastly, as it does not 
merely occur in the true muscles, we have thought that it would be 
desirable to distinguish it from ordinary fibrin by some peculiar: 


designation, 

sone (from cuvreiveis). [The chemical and physiologi 
eens ‘of syntonin are described in the Appendix— 

©, & D] 

It is probably a very significant fact, that the more active organs 
of the animal body are bathed in a fluid which differs very essen- 
tally fron an ordinary tranedation from the blood, or fom the 
blood-plasma itself 


coat of the thoracic aorta from 17-4 to 23°19 of soluble consti~ 
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tuents, amongst which there were 7-24 parta of cascin. He also 
found in the middle coat of the carotid, which, as is well known, 
‘contains a smaller quantity of elastic fibre, but far more contractile 
fibre-cells than the aorta, 39§ of soluble constituents, of which 21 
parts were casein. Moreover Schultze found that this interstitial 
fiuid had a faintly alkaline reaction, and contained in addition to 
the casein and salts, small quantities of two substances, one of which 
was coagulable, and the other non-ooagulable by heat. 

‘My own observations on the juice permeating the contractile 
tissues have shown that the fluid obtained from the muscular coat, 
of the stomach of the pig has a distinctly acid reaction, although 
not in 20 intense a degree as that derived from the striped muscles 
the analogous fluid of the middle coat of the arteries (the ascending 
and descending aorta, and the carotid of the ox) reddened litmus 
paper slightly, but quite decidedly. ‘The fluid from the tunica 
dartos exerted no reaction on vegetable colours, Schultze found 
that the, of the middle coat of the arteries was alkaline, which 
may be owing cither to the admixture of the alkaline fluid of the 
cellalar tissue, or to the occurrence of incipient decomposition. 
‘The middle coat of the arteries and the tunica dartos yield more 
casein and less albumen than the muscular coat of the stomach of 
the pig; the latter is as rich in albumen as is the juice of the 
animal muscles. 

Creatine occurs in much smaller quantity here than in the juice 
of the striped muscles; but as the inadequate amount of this sub- 
stance precluded the possibility of making any elementary analysis, 
the crystallometric determination constituted the only evidence of 
its presence. Besides a small quantity of lactic acid, we find 
acetic and butyric acids. The ratio of the potash to the soda was 
as 38 : 62 in the juice of the smooth muscles of the stomach, and 
as 42 : 58 in that of the middle coat of the arteries. The soluble 
phosphates were to the insoluble as 82: 18 in the muscular fluid 
of the stomach, and as 79: 21 in the fluid of the middle coat of 
the arteries. 

Siegmund* has recently found creatine, acetic acid, and 
formic acid in the juice of a pregnant uterus; and Walther + has, 
under my superintendence, extended the above-mentioned micro- 
chemical investigations regarding the fibre-cells, and the chemical 
analysis of the juice by which they are moistened. 

Al these relations, which are at the present time undergoing a 
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‘CONTRACTILE PIBRE-CELLS, 


accurate investigation, show that there exists, at all events, 

Bae goat oaloly tances tor fees ot Oe Gatien tear 
that of the fibre-cells. If we concur in the doubts expressed by 
‘some of the most distinguished histologists regarding the existence 
of these fibre-cells in the middle coat of the arteries, in which 
‘Kélliker believes he has found them, it would, at all events, seem to 


tractile tissue be obtained from the middle arterial coat, the 
of the intestine, the urinary bladder, the tunica 
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preciades the possibility of separating this substance from the 
nuclei of the fibre-cells; secondly, the fbre-cells themselves are 
attacked by the prolonged boiling which is necessary for the 
purpose of effecting as completely as possible the solution of the 
‘connective tissue, (a substance, corresponding to Mulder’s tritoxide 
of protein, dissolving with the gelatin, as Schultse formerly re- 
marked ;) thirdly and lastly, notwithstanding all boiling, the 
nuclear fibres of the connective tissue remain undissolved (as has 
been often already mentioned), and even when no true elastic 
fibrea are interspersed amongst the contractile tissue, constitute a 
residual mess which cannot be regarded as a chemically pure body. 
‘The coogulated substance of the smooth muscles does not dissolve 
readily in alkalies, and cannot, therefore, be very perfectly sepa- 
rated from the substance of the nuclear fibres, as this also partially 
dissolves in alkalies, more especially on the application of heat. 
‘The quantity of sulphur contained in the contractile fibre-cells 
cannot therefore be determined with certainty by this method, nor 
in the method of dissolving the substance in alkalies, and precipi- 
‘ating it by acids, to be unconditionally recommended ; if, however, 
we would analyse for ita sulphur the substance after being only 
boiled in water, without having been previously dissolved in alka 
lies, we should in every case find too small a quantity of sulphur; 
for the nuclear fibres augment the matter which is free from 
sulphur, and some of the sulphur of the substance also escapes 
on boiling it in the air. 

It is better, therefore, for these reasons to endeavour to dissolve 
the substance of the fibre-cells, and we may employ as a solvent 
dilute alkaline solutions, moderately dilute acetic acid, or water 
containing hydrochloric acid. I have found that the most effi- 
cacious of these three solvents is the very dilute hydrochloric acid 
(containing from 0'1 to 0°58 of the acid). A dilute solution of 
soda renders the connective tissue too gelatinous, and very pro- 
bably also dissolves some of the nuclear substance of the contrac- 
tile fibre-cells, and makes the determination of the sulphur uncer- 
tain. Acetic acid is better, but the first of the objections advanced 
against the use of the soda solution exists also in the case of this 
acid. The hydrochloric-acid solution must be regarded as a tolera- 
bly pure solution of the substance of the cells of the contractile 
tissue, as the connective tissue, the nuclear fibres, and the nuclei 
of the fibre-cells themselves remain undissolved. ‘The substance 
of the fibre-cells is thrown down from this solution by careful 
neutralisation in the form of a soft gelatinous mass, which is 


perfectly adapted for the determination of the sulphur and for the 
elementary generally, after it hasbeen with 
aleohol and ether, ‘The substance the nuclei of the 


vidual constituents of the animal fuids, and partly because 
shall have occasion to revert to this subject under 
the Striped Fibres. 


‘Tuansvexsecy Sraipep Muscucar Fisaes. 
‘Tuxse textural elements, which have also been termed animal 


motion which, at least to a certain extent, are subject to the will. 
If we examine any muscle (as, for instance, one of the 

abdominal muscles) in both longitudinal and transverse sections, 
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between the sarcolemma of the different bundles we find the 
well-known vascular network of the muscles, with its gene- 
rally rectangular meshes, and the tortuous windings of the nerves. 
It is not a settled point whether the sarcolemma in the developed 
muscle contains nuclei; that is to say, whether the nuclei, which 
are apparently perceptible in it, appertain to it, or whether they lie 
under it, and belong to the muscular fibrils of the primitive bundles, 
and therefore to the contents of the sheaths of sarcolemma ; at all 
events, we may perceive in the sarcolemma roundish nuclei, fre- 
quently resembling drops of oil, or, more rarely, having a spindle- 
like form, of which some at all events, according to Schwann and 
Kolliker, are situated between the sarcolemma and the muscular 
fibrils, but are not intimately connected with any of these parts. 
‘We find, as has been slready observed, that the substance inclosed 
in the sarcolemma always presents a strongly marked transverse 
striation, and generally 1 less distinct longitudinal marking; 0 
that the primitive bundles might just as readily be supposed to 
consist of superimposed discs (Bowman) ss of long, transversely 
striated fibrils, In muscles, however, which have been submitted 
to chemical treatment (whether simple boiling or the action of 
reagents), we very frequently see a separation or disintegration 
of the contents of the sarcolemma into constricted filaments, which 
hhas led most histologists to regard these contents as composed of 
fibrils. It is very generally believed that the constrictions of the 
transversely striated primitive fibrils stand in the closest relation 
to the function of the muscles ; on making a microscopical exami- 
nation of the muscles of just killed or still living caterpillars, we 
perceive the dark stripes approach one another, and again separate, 
In paralysed muscles (which have not yet undergone fatty degene- 
ration) these stripes are observed to be more widely separated from 
‘one another than in healthy muscles, &c. 

Although several very admirable investigators will not admit 
that these observations afford sufficient evidence of the essential 
part which these constrictions of the elementary fibrils take in 
muscular contraction, the constrictions, or, perhaps, more cor- 
rectly speaking, varicose dilatations, which are so constantly observed 
in this group of animal fibres, cannot be wholly purposeless or 
accidental ; for, granting that our theory of the contraction of the 
fibrils is very complicated, the want of homogeneity in the fibres 
must exert some influence on their contraction. The elementary 
fibres are assuredly not formed of an entirely homogeneous sub- 
stance ; for, in the first place, we occasionally see the muscular fibre 











embryos of the common mouse (mut domesticus) with different 


originally at relatively great distance from one another, came 
nearer together, the shortening being readily appreciable by the 
micrometer. ‘The transverse striw themselves appeared to be 
‘sharper and more distinct, but separated again mors from 
one another when the saline solution was washed out as much as 
possible by water; and although their outlines grew fainter, they 
could not again be made wholly to disappear. ‘This observation, 
which was frequently repeated, proves, at all events, that the mus- 
cular fibrils have a different eapacity for imbibition at their 


constrictions, 

aggregation of their smallest mechanical, if not chemical, particles. 
‘The elementary fibre of the animal muscles eannot therefore he 
considered as homogeneous; nor can we regard the phenomena 
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homogeneous, this must be still more the case with the primitive 
bundles. We have already referred to the nuclei on the surface of 
the muscular fibres; the elementary fibrils themselves, however 
nearly they approximate to one another, or however closely they 
are invested by the sarcolemma, are yet connected by an interme- 
dinte substance, which is itself of adouble nature ; for, in the first 
place, certain distinguished microscopists have observed, on trans- 
versely cutting through a muscalar fibre, that there is a granular 
and molecular substance lying between the extremities of the in 
vidual fibrils ; and secondly, we can scarcely seek for the juice, 
which has been so admirably investigated by Liebig, elsewhere than 
within the sarcolemma of the primitive bundles, which it appears 
to permeate. 

‘We must, therefore, separate our chemical investigation of the 
‘animal muscles into several sections ; of these, passing over the ever- 
Present connective tissue of the perimysium as not at present con- 
cerning us, the numerous ramifications of blood-vessels, the nervous 
twigs, and the sparingly scattered lymphatics, the micro-chemical 
investigation of the sarcolemma and of the cylindrical bundles of 
fibril within it demands our special attention ; from this we will 
pass to the macro-chemical reactions, which can be exhibited with 
muscular tissue, terminating our inquiries with the examination of 
the parenchymatous juice. 

Very dilute acetic acid (1 part of acetic acid in 5000 parts of 
water) causes the primitive bundles of the muscles to swell very 
rapidly, and toassumean extremely pale colour ; after a prolonged 
action of two or three or even four days, we observe that the bun- 
dles are much swollen, that the transverse strice are very distinct, 
and approximate more closely to one another, and that the nuclei 
parallel to the long axis of each bundle are very narrow, elongated, 
granular, and not sharply defined; many of them are constricted 
at four or five points, whilst others protrude with the muscular sub- 
stance from the sarcolemma, and are scattered about transversely 
and obliquely in relation to the axis of the muscular bundles. 
‘There is never any appearance of longitudinal strim (indicating the 
existence of primitive fibrils) in the muscular substance itself; on 
the other hand, a transverse striation may often be distinctly per- 
ceived. At the cut extremities of several primitive bundles we 
may frequently recognise portions of muscular substance, corres- 
ponding to an individual transverse striation, and which, without 
having any distinct form, such as Bowman has delineated, clearly 
show the division of the muscular fibre in the direction of the 
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individual transverse striae ; under favourable illumination, and. by 
the help of the diaphragm, the flat sections are seen to present. a 
net-like appearance, resembling lines which intersect one another 


transverse 
A Bo fosoatned by ths Rox thst Ra eof hlloe me 
rresponiling to the transverse cleavage is torn off, whilst in some 





= 5 
them to diverge like the leaves of a badly bound open 
book, (F. P. 15, F.4.) 
Concentrated acetic acid produces the same effect after from 

5 to 10 hours’ action, as the dilute acid does ina much longer 


‘The sarcolemma is not altered either by dilute or concentrated 
acetic acid ; at the parts where it has been deprived of its contents, 
structureless membrane without 


the 
nuclei, but interspersed at different points with fat-globules, 
Rees eres wee (0 ee 
water) produces nearly the same effect on the muscular bundles 
acetic acid, rendering them paler, whilst be noel ain pie 
nently forward; the muscular fibres do not, however, swell to. x0 
great an extent as when dilute or concentrated acetic acid is used; 


of longitudinal striatio 
ees a te bbe considered at a subsequent 


1 Dor sina ht y prolongs digetion nit yd 
chloric acid, the sarcolemma (at all events, in the primitive bundles 

of the heart) is rendered very distinet. 
Concentrated Nydechlat cla converts madennily steel Se 
‘of muscle, after a short time (8 hours), into a viscid mass, which 
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interstices or cavities which do not extend through the whole 
bundle, but give it the appearance of being strongly marked at 
intervals by black lines. The transverse strie in many of these 
Parallelopipeds are ouly indicated by the presence of fine granules 
arranged in a more or less decidedly parallel direction. Some 
of these strongly granulated fibres appear as if they had been 
eroded on their longer sides ; but there is never any appearance of 
the bundle being divided longitudinally. ‘The substance of the 
fibres is rendered intensely yellow by an aqueous solution of iodine, 
and the addition of water cause it to swell to a trifling extent only. 





and for the most part after the addition of iodine. (F. P. 15, F.8.) 

In concentrated nitric acid the primitive bundles dissolve into 
yellowish parallelopipeds with a sharply defined transverse stria- 
tion, after an interval of time varying from one to ten hours, 
The bundles are cleft only in a transverse direction, exhibiting 
larger or smaller openings between the strie, in the same manner as 
when they are exposed to the action of concentrated hydrochloric 
acid; that is to say, two adjacent transverse discs are more separated 
from one another at one point than at another, and are only partly 
in contact. At some of the smaller sections of the bundles, all the 
transverse discs diverge from one side in a brush or taft-like 
manner. There is never any trace of longitudinal striation. 
(F.P.15, F.2) 

Very dilute nitric acid exerts the same action as dilute hydro- 
chloric acid. 

In concentrated sulphuric acid, the muscular fibres, after from 
ten to thirty hours? action, are resolved into a reddish purple 
viscid fluid, in which, at a Grst glance through the microscope, we 
can only perceive longer or shorter filaments; a more accurate 
examination, however, shows that they are very thin hone- 
shaped or fusiform plates. The red colour disappears on the 
addition of water, when a greyish yellow coagulum is deposited, 
which appears perfectly amorphous, as seen under the microscope, 
exhibiting merely granular patches, in the same manner as we 
commonly observe with the coagulated protein-bodies. 

Sulphuric acid, when somewhat diluted, exerts precisely the 
same action as concentrated hydrochloric acid, bringing the trans- 
verse strim very distinctly into view. The longitudinal strie 
which Mulder and Donders saw in these cases, I could scarcely 
recognise with any degree of distinctness even after the ptolonged 
action of this acid. 


9p ‘TRANSVERSELY STRIPED MUSCULAR FIBRES. 
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dilute hydrochloric acid. 


fibres to be resolved, after nto parailelopipeds 
an intense yellow colour, some of hich cxhiits sharply Seed 
longitudinal striation without trim, 


formed, 
Jemma is gelatinous and finely granulated, 
‘When a muscular fibre has been exposed to the prolonged action 


ever, do not exhibit the form of varicose dilatations of the “tes 
but present the appearance of clear and light spots, which suc 
ceed one another in a very regular manner, and have the same 
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somewhat obliquely to the axis of the muscular bundle, we 
remark detached lamelle arranged upon one another in such a 
manner that the muscular cylinder or bundle appears to consist of 
plates or discs superimposed on one another. ‘The sarcolemma, 
which we can often distinctly recognise here, remains as free from 
colour as the interspersed connective tissue. 

‘A moderately dilute solution of carbonate of potash renders the 
muscles hard and rigid, as was especially shown by Virchow. On 
making = microscopical examination of muscle that has been 
hardened in this manner, the bundles are observed to be some- 
what swollen, presenting no appearance of longitudinal strim; the 
transverse striee are fine and sharply defined ; the cut surfaces of 
the bundles are generally very distinct; but wherever the prepa- 
ration has been torn or pressed in ita adaptation for microscopical 
Purposes, the extremities exhibit exfoliated and partly somewhat 
recurved Iamellm; but I have never succeeded in obtaining the 
round laminm in the isolated state in which Bowman has obtained 
hia discs (as, at least, would appear from his diagrams). Pieces 
frequently presented themselves resembling sections of concent 
cally arranged circles ; the lamellee were in some cases only faintly 
granulated on their broad surfaces, in others sharply punctated. 
‘The sarcolemma was indistinct ; no nuclei were visible. 

‘After the prolonged action (varying from eight to seventy-two 
hours) of an extremely dilute solution of soda (consisting of one part 
of the alkali in 8500 parts of water), the muscle was reduced to a 
thoronghly gelatinous mass; the primitive bundles were for the 
most part dissolved, and those which were not thoroughly dissolved 
exhibited a faint longitudinal striation, caused by the regular 
deposition of granules in rows, so that the whole resembled tuber- 
culous, stringy, bronchial mucus, which, on the addition of water, 
frequently exhibits a similar appearance of granules, arranged 30 
as to jmitate fibres. There was not a trace of nuclei, or of trans- 
‘verse or longitudinal striation. Here and there were remarked 
empty portions of sarcolemma, which appeared either perfectly 
hyaline or faintly granulated, and bore a close resemblance to the 
hyaline cylinders in the urine in Bright’s disease, which corres- 
pond to the membrana propria of the tubes of Bellini. It is 
‘worthy of notice that these cylinders of sarcolemma have generally 
@ much smaller diameter than the original primitive bundles, 
which farnishes a proof of the great elasticity of the sarcolemma, 
and of its close approximation in its normal state to the cylindrical 
bundles of fibrils. The elements of the perimysium admit, moreover, 
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to swell and become ‘the transverse striation 
less dint. It prolonged setion cnme the disintegration ofthe 
‘bundles into and renders the transverse strie less 


teres becanec ts totenta ped oa Moki tad Dae 
already noticed. Nuclei are not always to be observed, or in 


‘be much swollen, rather oval than ‘granulated. On 
the addition of water everything is dissolved, with the exception of 
portions of the which are reduced in their trans~ 


taneously brought into view. The nuclei commonly swell very 
considembly become roundish, gradually love ther clear olin, 


Teas 
Fragments of muscle which have been repeatedly washed with 
distilled water, and exposed to strong pressure, either entirely lose 
their transverse strintion, or show only faint indications of it, 
whilst the longitudinal striation is peculiarly visible. If these 


and had somewhat protruded from it. The sarcolemma and nuclei 
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solution of soda to the fibres which have been treated with dilute 
hydrochloric acid, the nuclei swell in the sarcolemma from which 
‘the fibrils have heen thus removed, and very rapidly disappear 5 
the very hyaline sarcolemma continues to exhibit a faintly granu- 
‘ated appearance. 


Fras tus Cua since eh i ts tae raceme Soogeta 
and the sarcolemma, 

‘The chemical properties of the substance of the fibrils. (syn- 
‘tonin) have been already glanced at in p. 68 [and will be further 


to concur in Liebig’s view of this being the matrix of true mus 
‘cular fibre. We have already observed that the primitive bundles 
‘of muscle, even when they have been digested for a prolonged 
period in a solution of nitre at a temperature of 30° or 40°, do not 
exhibit any change under the microscope which can justify us in 
believing that there is the slightest partial solution of the finest 
‘muscular fibrils. 

‘As, however, these experiments were mostly made with the 
flesh of oxen and calves, and as the fibrin of the blood of oxen is, 
as is well known, nearly insoluble in a solution of nitre, whilst 
that of other animals is dissolved very readily after a short diges- 
Leas eg ncisemmtinteprysore 
es Seh we ede ir a pele of fot (bo Olam 
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after cutting it into very fine pieces, to rinse it with distilled water 

the fluid that was pressed out of it exhibited no traces of 

albumen, After this mass had been freed as far as possible from. 

‘soluble protein-bodies, it was digested for two or three days in a 
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dissolved 
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‘We are led to conclude from the micro-chemical reagents already 
indieated, that the substance of the nuclei inclosed in the sarco- 
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Jemma does not differ very much from syntonin. It is dissolved 
with nearly equal rapidity by dilute alkalies; it swells in concen- 
trated alkalies, dissolving very rapidly when water is added. It 
behaves in precisely the same manner as the substance of the 
fibrils towards concentrated acids, as, for instance, nitric acid. A 
difference is observed in the case of acetic acid, and of the mineral 
acids, when extremely diluted for, although these reagents render 
the nuclei more distinct, they exert a certain amount of solvent 
action upon them; the nuclei wholly disappearing after a pro- 
longed digestion in dilute acids, leaving only some fine molecules, 
which probably consist, for the most part, of fat. 

‘We may readily convince ourselves that the clots or granules 
visible in the sarcolemma which has been emptied by acids or 
alkalies, consist for the most part of fat, either by repeatedly 
shaking with ether the remains of muscular fibres that have been 
treated with a dilute solution of sods, or, better still, by repeatedly 
boiling them in alcohol ; for we can not only recognise the presence 
of fat in the ether or alcohol, but fewer clots and granules can be 
detected under the microscope in the less granulated sarco- 
lemma. 

Kélliker* and Scherer have demonstrated that the sarcolemma 
does not consist of connective tissue, and that it yields gelatin on 
boiling; and this view is confirmed by the above-mentioned micro- 
chemical reactions, which show most obviously that its chemical 
substratum has no affinity whatever to protein-bodies. If we bear 
in mind that neither acids nor alkalies cause the sarcolemma to 
ose its elasticity, which, an in the case of clastic tissue, resists 
alike the action of alcohol and boiling, we shall be led to concur in 
Kolliker’s opinion, that the sarcolemma contains a substratum 
analogous to the elastic tissue; but it is by no means easy to deter- 
mine whether, like elastic tissue, it acquires a yellow colour from 
the action of concentrated nitric acid. Kolliker was unable to 
produce any yellow colour in the sarcolemma of the Axolotl by 
means of nitric acid. As may be inferred from the above-described 
micro-chemical relations of nitric acid towards the muscular fibre, 
the sarcolemma cannot be isolated and distinguished in the flesh 
of the higher animals; but the yellow colour produced in the 
elastic tissue by nitric acid is not so distinctly visible on a micro- 
scopical examination as in the protein-like tissues, and on that 
account the microscope can afford no reliable information in 
reference to this point; when it occurs on a large scale, the elastic 

* Mikrosk. Anat. Bd, 2,8. 250, 


submitted to the action of the nitric acid, and it would be ex~ 
tremely difficult to prove that such was the case. 

‘We have already frequently referred to Liebig’s admirable 
‘investigation of the fide contained in the fea these researches 


certain points of discussion which had before been only incidentally 
freshy expremed asele jie ix generally of whe 


the true muscular juice cannot of course be obtained without the 
‘admixture of the transudation entering into the connective tissue, 
and of the blood contained in the vessels of the muscular sub= 
stance, a very great part of the albumen may be derived from this 
‘source; but the amount present is too large to be referrible to this 


inosite. (See note to vol. i, p. 281 (on inosite) in the Appendix. 
=o. mo] 
* Ann. d Chow, Pharm, Bd. 73,8. 328-334. 
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‘obtained free from blood and transudations, and that, couse~ 
aray; th proportion ot soda Che’ crsinle fides meat be 
even smaller if we could in any way exclude the admixture 
of blood. 

A similar consideration presents itself to our notice when we 
‘proceed to estimate the quantity of phosphoric acid in the muscular 


large quantity of free lactic acid is contained in the fresh juice: 
We shall consider more fully, under the head of the  Metamor= 
hoses of Animal Matter,” the interesting views advanced by Liebig 
‘in connection with these relations, 
R, Weber never found more than 7§ of ehloride of sodium in 
the ash of the muscular juice of the horse, but nearly as much as 
the 





results as Berselius and Liebig for the amount of muscular flbre 
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in the flesh of mammals and birds, vis., from 15°8 to 16°78; in the 
case of young animals, the numbers were somewhat less; in the 
flesh of reptiles and fishea, they were from 9'4 to 13-28. 

‘The substance of the vessels and nerves, as well as the nuclear 
fibres of the connective tissue and the sarcolemma, are naturally 
mized with the muscular fibre in these determinations. 

‘The question here arises whether we may, or may not, regard the 
protein-substance extracted from the flesh by means of water con- 
taining hydrochloric acid, as trae muscolar fibre; that is to say, as 
the cylindrical muscular bundles which are enclosed in the sarco- 
Jemma. According to Liebig,* this solvent extracte very 
ferent quantities of this protein-substance from the flesh of dif- 
ferent animels ; thus, for instance, the muscular fibres of the ox 
and the hen are almost entirely dissolved; a greater amount of 
substance remains from the flesh of sheep, and far more than half in 
‘the case of calves’ flesh. We have already seen that by treating th 
fleah with acidified water the sarcolemma is perfectly emptied, with 
the exception of nuclei and granules, and a few small clots ; hence, as 
Liebig’s experiments are perfectly correct (as any one may ascertain 
by repeating them), it follows that calves’ flesh contains relativel 
less fibre-substance (syntonin), and relatively more connective 
tise, than the other kinds of flesh which were examined ; as, for 
instance, that of oxen. This observation is further corroborated 
‘by a simple microscopical comparison of the primitive bundles of 
muscle in the ox and the calf. Donderst noticed the striking dif- 
ference of diameter in the primitive bundles of the cow and the 
calf, and he is of opinion that the number of the bundles remains 
the same during the growth of the calf; in which case, the fibre- 
substance (syntonin) would slone increase during the growth of 
the animal, whilst the sarcolemma and connective tissue remained 
the same. "It may be assumed that the diameter of the primitive 
bundles of the calf is from 4 to} smaller than that of the 
primitive bundles of the full-grown ox. If the number of the 
bundles remains the same, and if the sarcolemma and connective 
tissue do not increase with the growth of the muscle, it becomes, 
a mathematical necessity that less muscle-fibrin (syntonin) admits 
of being extracted from the flesh of calves than from that of oxen. 
‘There can be no doubt, from the micro-chemical reactions already 
indicated, that the protein-substance which can be extracted by 

© Ann. 4.Ch.u, Pharm. Bd. 75,8. 126, 
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dilute hydrochloric acid constitutes the essential part of the mus 
cular fibrils, and is perfectly identical with the substance of the 
tissues, 


the mean quantity of gelatigenous 
found about 2 in the majority of the different kinds of flesh 
which he examined, 


If we take the gelatin that is formed as a measure of the quan- 
tity of connective tissue contained in the muscles, we must bear 
jn mind that, on boiling with water, the nuclear fibres (which, it 

micro-chemical 


; " 
tion of the boiling, jecunarararti’ the gelatin (Malder’s 
tritoxide of protein). 

Liebig estimates the constituents of ox-flesh which are solublein 


‘stances amounts to as much as 8g, as is shown by the analyses of 
Schlossberger and von Bibra, 

Fat is always to be found in flesh, notwithstanding the most 
‘careful preparation of the muscle, being derived not only from fate 
cells, but from the blood, the nerves, and even from the muscular 
substance itself, in the fibrils of which we frequently observe fat= 


‘man aged fifty-nine years, bat only about 2 in that of other mam~ 
mals, whilst he could not discover more than about from 0°54 ta. 
Ds satin inapel che, 
ho arm oot in the muscles, when in a fresh state, 
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to 74453 in human muscles. ‘These and similar determinations, 
which have been instituted as to the muscles of different animals, 
are not devoid of significance ; bat as they vary even in the same 
species of animals, they cannot attain any high degree of import- 
ance until they can be compared with the quantity of water con- 
tained in the blood, or, better still, with that in the blood-seram. 
‘Thas, for instance, it would be highly important in reference to the 
mechanical metamorphosis of matter, to ascertain the proportions 
existing between the water contained in the muscles and that in 
the blood under diferent physiological and pathological conditions. 
‘A course of experiments, bearing on this subject, has lately been 
instituted by one of my pupils. It was found that, on an average, 
there are 9-93 less of water in the muscle than in the serum of the 
blood, and that this proportion continues nearly the same whether 
the blood was in a concentrated state or contained an exceas of 
water. This proposition, which is precisely what might have been. 
anticipated, was found to be fully confirmed in comparative ans- 
Iyses of the blood and muscle of persons who had died from cholera, 
‘as well ax in 20-called hydrmmic conditions. We may, unquestion- 
ably, expect the most important results regarding the mechanical 
metamorphosis of animal matter from investigations into the pro- 
portions existing between the quantity of water contained in the 
blood and the other juices, tissues, and organs of the animal body, 
under different conditions. 

It will be readily understood that the determination of the 
quantity of water contained in the muscles should be conducted 
with the utmost care, as pieces of muscle very rapidly lose a certain 
quantity of water when exposed to the air,and thus afford only a very 
inexact result. Great care must be taken to avoid any evaporation 
from the portion of muscle which is to be weighed, Another 
circumstance which calls for attention is, that while the surface of 
the piece of muscle,when placed in an air-bath or in a vacuum, dries 
very rapidly, the interior obstinately retains its water. It should 
moreover, be borne in mind, that it is not always easy to obtain a 
portion of muscle alike poor in connective tissue and vessels, and 
that the amount of connective tissue essentially influences the 
quantity of water. In examining the muscular substance of the 
human subject, the observation is rendered very much more diff- 
cult, from the circumstance that dissection must necessarily be post- 
poned till eight or even fifteen hours after death, when endosmotic 
currents may have been already established in the muscular sub- 
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in detail in the preceding pages; in general, however, the mode of 
investigation corresponds with that which has been described for 
the organie muscles. 


If we inquire whether the chemical investigations of the mus- 
cular substance which have been hitherto made, throw any lighton. 
the nature of its functions, we find that very little information has 
been gained which ean either afford support to any of the existing 
hypotheses, or can suggest new ones. By proceeding with the 
greatest caution by the method of induction, we arrive at the fol- 
lowing conclusion =— 

‘The protein-substance, which can be extracted from the mus 
calar fibrils by extremely dilute hydrochloric acid is the moat 

of 


system. We are unable to explain on chemical grounds the man~ 
ner in which this substance alters its physical properties during the 
‘contractions of the tissues. 

‘The voluntary and involuntary muscles contain moreover = 
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depend less upon the antagouism of alkali and acid than on that of 
fibrils ‘muscular juice. 


‘advanced proposition, 
‘acid formed in the animal body is generated not in the capillaries, 
but in the parenchyma of the organs, and is especially produced 
by muscular action, We need scarcely remark that the results of 
es ive ran ne Sn a noes 
theory of metamorphosis of matter, whilst they afford 
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peripheral nerves, the spinal cord, the brain, and the ganglia, do 
not all present the same appearance, when seen under the micro 
sees ore patton hhave been divided into two kinds, 
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entirely homogeneous and transparent, exhibiting a sharply de- 
fined contour. But after lying for some time or having come in 
contact with water, they exhibit a double contour, resembling 
broad dark bands, with a clear stripe running down the middle. 
‘This peculiarity, together with the size of their diameter, especially 
distinguishes them from the so-called sympathetic fibres. Distinct 
morphological elements may be recognised in each of these fibres ; 
and, in the first place, we must distinguish hetween the coat or 
sheath and the contents. 

‘The cont or limitary membrane of the nerve-tubes can scarcely 
‘be recognised in very recent nerves, for this membrane is an 
entirely structureless, transparent, somewhat elastic membrane, 
which can only be rendered visible by the application of certain 
chemical reagents which we shall presently mention, 

‘The substance contained in the nerve-tubes (the nerve-medolla 
or pulp) appear at first, as we have already observed, to be 
perfectly homogeneous, whence it has been assumed by many 
‘observers to be an entirely homogeneous, closely mixed matter. 
It is quite immaterial to our purpose, whether we admit the cor- 
‘ectness of this view, or adopt the opinion held by others, that the 
subsequently visible separation of the medulla into a cortical 
substance and a cylindrical azis-fibre, exists pre-formed in fresh 
nerves ; but, judging from a chemical point of view, we are com- 
pelled to assume the most decided morphological separation. 
‘Thus, the application of cold, or the addition of water, or of certain 
chemical agents, gives rise to a kind of coagulation in the medulla, 
causing the outermost layer of the contents of the nerve-tubes to 
become darker, somewhat grumous, or even granular; whilst in 
the interior, that is to say, in the long axis of the nerve-fibre, there 
remains a clear, somewhat sharply defined filiform stripe—the 
central or axis-fibre, or axis-cylinder. The actual medullary 
substance, or nerve-pulp, assumes very different forms when 
subjected to rough pressure, appearing in different cases in 
nodular, cylindrical, or clavate shapes as it protrudes from the 
sheath. Within the tubes the substance is frequently accumulated 
in an irregular manner, distending the sheath unequally at different 
points, which gives rise to those varicose nerve-fibres which we so 
frequently meet with in examining the brain. 

‘The finer or sympathetic nerve-fibres have a diameter varying 
between 0°00212 and 0:00300’. These fibres bear less resem- 
Dlance to tubes than to solid cylinders, and have generally no 
trace of any contents. ‘They occur principally in the sympathetic, 
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sensitive cranial nerves (Kélliker)t. It is only in the peri= 
extremities of the cerebro-spinal nerves that the animal 
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olfactory nerves, i 
organ of the Torpedo and Ray (where there is an actual ramifica= 
tion of the fibres), and in the extremities of the nerves of the skin 
of the mouse. ‘These fibres appear from the observations hitherto 
made in relation to this subject, to consist only of a sheath and an 
‘axis-cylinder. 

Another class of nervous fibres has been assumed to exist, 


different forms of connective tissue, with which are interspersed 
numerous elastic fibres. 

‘The Pacinian bodies form a very singular appendage to the 
nerve-fibres. ‘These bodies, which are present in very large numbers 
in the hands and feet of man and many carnivorous animaks, and 
in the mesentery of the cat, are oval, consist (somewhat like onions) 
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of nearly concentric membranes, measure from 0°5 to 2:0, and 
a nerve-fibre terminates in each of them. ‘These concentrie mem- 
branes are composed of connective tissue, and between the coats 
there is @ serous fluid, which collects in larger quantities in the 
narrow, long, central space of these Pacinian bodies. Each of 
these corpuscles is attached to the nerve to which it belongs by 
‘means of a short pedicle, which is formed by layers of the connec- 
tive tissue of the bodies, and by the neurolemma; through thi 
pedicle an animal nerve-fibre proceeds from the nerve, and extend- 
ing to the central cavity of the corpuscle, diminishes rapidly until 
it resembles the axis-cylinder. It traverses the narrow central 
space, and, after splitting into two or three parts, terminates 
‘opposite its point of entrance in fine nodules. 

In the nervous system, and more especially in the central 
organs, as the brain, the spinal cord, and the ganglia of the spinal 
nerves and of the sympathetic, there occur, in addition to the 
fibres, peculiar cells, termed the nerve-cells, (accessory corpuscles, 
or ganglionic globules). These bodies are true cells, consisting of 
an investing membrane, a nucleus with one or more nucleoli, and 
soft contents interspersed with molecular granules. The size of 
these nterve-cells is as various as the diameter of the nerve-tubes, 
and they may be divided into large and small, as we divide the 
nerve-tubes into thick and thin. The smaller nerve-cells occur 
principally in the ganglia of the sympathetic, and the larger ones in 
company with the double-outlined fibres of the cerebro-spinal 
nervous system; but this rule is not without many exception 
‘The diameter of the larger nerve-cells is about 0°05 or 0:06", 
whilst that of the smaller cells is frequently not more than 0-002 
or 0-003" (Kélliker). 

‘These cells vary in form no less than in size. Large, almost 
spherical or oval cells occur principally in the grey substance of 
the brain and spinal cord. Fusiform, trapezoidal, irregularly tri- 
angular nerve-cells, provided with numerous, and often ramifying 
processes, abound in the grey substance of the central organ 
‘We find in the ganglia of the sympathetic scarcely any cells which 
hhave not one or two pale processes. Many of the nerve-fibres, 
take their origin from these cells, and we often see one, and not 
unfrequently two fibres proceeding from a single cell. 

‘The nerve-cells are covered externally by a structureless mem- 
brane, which is in some cases extremely thin and scarcely visible, 
and in others somewhat thicker and easy of recognition, ‘The 
cells which have thin walls occur more especially in the central 
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organs, whilst those having thicker walls are almost limited to the 


processes, 
their elasticity (R. Wagner, Kalliker). 
‘The nuclei, which generally occupy the centre of the cells, are 


‘The size of the nuclei varies from 0-015 to 0-008", whilst the 
nucleoli measure from 0*0005 to 0°0003" (Kolliker). 

In addition to the nuclei the nerve-cells contain a tough, semi~ 
uid mass, which is either colourless, or of a faint yellow hue, and 
holds in suspension finer or coarser granules. In some cases, and 
more especially in the stellate* cells of the spinal cord, this dark 
granular mass is collected into various groups or masses, whilst 
“other portions of the cells appear to be less granular. 

‘We see from this short description of the morphological con 
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recognised in any part of the cell, (F. P. 15, F. 5.) 


(The terms enudate and stellate have been applied to these ell, 
‘as they hve ove oF several of the processes or prolongation, —s, x, 0.) 
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gives rise to very few visible alterations in the microscopical 
characters of the nervous substance. Hot, or more correctly 
speaking, boiling alcohol behaves differently ; for, as we might 
assume a priori, it coagulates the coagulable parts of the nerves, 
and dissolves the fat and the salts of the fatty acids. When the 
nerve-fibres are boiled in aloohol the nerve-sheath exhibits a 
sharper outline, appearing at different points as a special mem- 
brane, distinct from the granular contents. ‘The contents have the 
appearance of less dark and less well defined granules, and are 
generally translucent and somewhat faintly defined. The axis- 
¢jlinder often stands out very well in some fibres, although a 
carefal preparation and some minutes’ boiling are necessary to 
exhibit this clearly. The nerve-cells are but slightly altered by 
boiling with alcohol, the change they undergo being for the most 
part limited to an appearance of slighter granulation. The aleobol 
in which the nervous matter has been boiled exhibite on cooling 
white flakes, which appear, when seen under the microscope, to be 
neither crystalline nor of the nodular form common to the fat of 
the nerves, but to consist of a confused mass of fine molecular 
granoles. (F. P. 15, F. 6.) 

Cold and hot ether behave towards the nervous elements in 
much the same manner as alcohol, and like the latter, render 
large pieces of nervous substance somewhat harder. When 
examined under the microscope the double contour of the cere- 
bro-spinal nerves is found to disappear under the prolonged 
action of ether, whilst the sheath appears more distinct at certain 
points, and studded, as it were, with granules in many parts, The 
‘granular contents are rendered considerably paler, whilst here and 
there the axis-cylinder is seen paler, and twisted thread. 
‘The action of ether on the nerve-cells is as slight as that of alcohol. 
‘The ether in which the nerve-fibres have been digested deposites 
‘on evaporation white granules, which appear, when seen under the 
microscope, to consist of crystals of margaric acid and nodular 
masses of brain fat. 

Dilute acetic acid produces no marked alteration in the mor- 
phological character of the nerve-tubes, but when this acid is used 
in a highly concentrated state, the nerve-fibres after its prolonged 
action acquire a sharply defined outline. Although the inner 
contour becomes somewhat distorted after boiling, the sheath 
becomes distinctly visible at certain points on the cut surfaces of 
the nerve-fibres; between the inner contours there remains a 
coiled, often pale reddish stripe thin, very pale threads frequently 








more turbid, but notwithstanding this the nucleus not unfrequently 
i it mntrated acetic ncid, 
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perceptible in the nerve-cells, 
even after avery prolonged action of this solution of the acid; 
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at most the membrane is rendered somewhat more hyaline and the 
contents rather more grumous. 

Concentrated hydrochloric acid does not bring into view the 
individual morphological elements either in the fibres or the cells; 
but converts the whole into a pultaceous mass of smaller or larger 
strongly granulated dark clots, which, although most commonly 
roundish, may assume the most varied and capricious forms. If 
any remains of nerve-fibres are present, they are found to be very 
much thickened ; the dark clota are perfectly isolated and arranged 
only in one direction, and no trace of a nerve-sheath is perceptible. 
‘When a freshly prepared microscopical preparation is treated with 
concentrated hydrochloric acid, the individual nerve-fibres diminish 
in length, but increase to an extraordinary degree in breadth; the 
nerve-pulp becomes coarsely granular and dark, whilst from the 
cut extremities nodular or coarsely granular masses protrude, and 
most distinctly bring into view the coiled roundish threads or axis 
cylinders. In this way more frequently than by any other method 
of exhibiting the axis-cylinder, I have been able to see the sheath 
and nerve-pulp dissolve in the middle of a fibre, leaving only the 
axis-cylinder, which st these points might be traced in both 
directions through the comparatively uninjured nerve-fbre. ‘The 
peculiar property of concentrated hydrochloric acid in simulta 
neously thickening and shortening the nerve-fibre is beautifully 
illustrated in small bundles of nervous fibres, which are surrounded 
by the neurolemma. The latter varies in expansibility according to 
the amount of connective or elastic fibres which it contains. When, 
therefore, the nerve-tubes which it encloses are much swollen, 
several protuberant dilatations and corresponding constrictions 
appear in one and the same bundle. The fibres projecting from 
the neurolemma at the extremities of the bundles diverge in a 
brush-like form, whilst the nerve-pulp protrudes from the cut 
extremities of the fibres, giving to the whole a bouquet-like 
appearance. 

‘When fresh nerve-fibres are allowed to remain for some time 
immersed in concentrated nifric acid, the whole mass becomes 
intensely yellow and very friable or soft. On observing under the 
microscope the direct action of nitric acid, we find that the indi- 
vidual fibres are thickened and shortened as in the case of concen- 
trated hydrochloric acid, although in a less degree. ‘The double 
contours cease to be recognisable in fibres which have been treated 
for a longer period with nitric acid; the whole contents of the 
nerves appear coarsely granulated, and we can perceive no light 











ing outline when ‘they project to any great distance, and in some 
rarer cases have an intestine-like coiled appearance. If fibres, 
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with certainty. ‘The axis-cylinders are often thus seen more 
ltinety Win by Se mer aplintion of ne bl PLAS) 
If we boil teased (or unravelled) nerves with alcohol and ether, 
and after the removal of these fluids allow them to remain forsome 
time in concentrated nitric acid, the nerve-sheath, as Killiker has 
already observed, is brought into view, auiiiog faint granales 
and very beautiful, often detached 
able conditions there is scarcely any ces by whieh a 





‘granular pulpy’ 
‘When the grey substance of the brain has been immersed for any 
length of time in concentrated nitric acid, nothing can be recog- 
nised in addition to the elements of the fibres, excepting nuclei 
‘and nucleoli, which are the sole remnants of the nerve-cells, 
Concentrated sulphuric acid (the third hydrate) forms a Gne 
purplish red or violet uid, after remaining for some time in con- 


hibit a very beautifal violet tint when seen under the microscopes 
‘the nerve-sheath, which is found to swell in a gelatinous manner 

Sebi sopbars se ade ton fresh preparation, is rendered 
entirely invisible in this case. ‘The nerve-pulp is converted into 
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‘an uncommonly fine granular indistinct body, and it is only in rare 
cases, although then with extreme distinctness, that the axis-cylin- 
ders can be recognised in the individuel fragments of nerves. 
‘The fluid containing granules’ and viscid globules, and sur- 
rounding the partially undestroyed nerves, is likewise of a violet 
colour. 

Chromic acid, or a saturated solution of the bichromate of potash, 
‘when decomposed with a little sulphuric acid, contracts the trans- 
verve diameter of the nerve-fibres, and imparts to them an intense 
yellow colour. After the nerve-fibres have been immersed for a 
‘considerable time in this fuid, they appear somewhat narrower, but 
sharply defined (the double contours of the animal nerve-fibres 
are, however, no longer visible); the nerve-pulp becomes more 
coarsely granular and renders the fibres opaque, ao that the axis- 
cylinder can no longer be seen within them, ‘The contracting 
action of this reagent on the sheath is very beautifully and dis- 
tinctly shown; we observe at different spots irregular, nodular, 
bot most commonly roundish drops of nerve-fat protruding from 
it, When the action of the chromic acid is not too strong, the 
sheath exhibits rents, from which the viscid nerve-pulp exudes, 
and this appearance is so clearly defined that it is impossible to 
refer it to any deception. The sheath is completely burst or 
destroyed at different points, and the nerve-pulp diffused through 
the fluid, so that nothing but the pale-coloured, sharply outlined 
filiform axis-cylinder remains visible, whilst in other nerve-tubes 
the transition of the cylinder into slightly altered fibres may be 
distinctly traced. With the exception of the following reagent 
there is nothing which exhibits the morphological constituents of 
the nerve-tubes more distinctly than chromic acid. 

‘This acid causes the nerve-cells in some degree to contract, and 
generally renders their outlines more distinct. The contents are 
scarcely rendered more grumous than they previously were, whilat 
there is no important difference to be perceived either in the 
nucleus or the nucleolus. ‘The cerebral and the ganglionic masses 
are moreover hardened by the action of chromic acid. 

An aqueous solution of iodine (or what is better), iodine in a 
solution of hydriodic acid, colours the nerves yellow, and leaves 
the fibres tolerably coherent, so that they may be very easily pre- 
pared for microscopical investigation, and traced into the individual 
filaments. After the prolonged action of the above-named fluid 
each individual nerve-tube acquires « pale yellow appearance, and 
becomes broader, showing a tolerably distinet contour (the animal 











106 NERVOUS TISSUE, 
fibres without doable onaitour)is the sheath can be readily recog- 


‘unravelled, the axis-cylinder 

ath to {th of a line beyond one of the uninjured nerve-fibres, 
beieiseealy, sesiaht ce igheis ben round, ea aaa 
yellow colour; but occasionally presenting a somewhat coiled 


appearance. 
‘The aqueous solution of iodine acts upon the nerye-cells in 


purple colour. ‘The individual bundles do not admit readily of 
being separated into fibres. Under the microscope the nerve- 
sheath exhibits a sharp outline; the pulp is not s0 coarsely granu~ 
lar as after the application of chromic acid, nor s0 delicate as after 
the action of hydriodie acid, ‘The granules render the whole neree~ 
tube very dark, and prevent the recognition of the axis-cylinder, 
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grumous 
‘parent, so that the nuclei cannot easily be detected, and the nucleoli 
only with great difficulty. 
‘A very concentrated solution of chloride of calcium renders 
‘small nerye-bundles somewhat transparent, but at the same time 
extremely tough and elastic, so that it is only with great care that 
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we can obtain even « moderately good preparation, in consequence 
of the extreme difficulty of separating the fibres. When viewed 
under the microscope the isolated nerve-fibres appear coiled in an 
intestine-like manner and somewhat distended, the sheath cannot, 
readily be distinguished, and the pulp is converted into a somewhat 
coarsely granular matter, showing no distinct central fibres ; it is 
only at particular points that a portion of the axia-cylinder may be 
seen projecting from the extremity of a fibre like the wick from 
the end of a candle. 

When immersed in a concentrated solution of carbonate of 
potash, the nerve-tubes swell somewhat up, and seem partially 
twisted, the nerve-sheath being unequally extended, so that the 
tube resembles the colon in form. The individual dilatations are 
not sharply separated from each other, but on the whole the con- 
tents are rather clear and translucent than granular; the axis- 
cylinder and sheath cannot be recognised. Some light roundish 
filaments may be seen at the extremities of individual nerve-Aibres 
which bear an extraordinary resemblance to axis-cylinders, although 
it is not very certain that they may not be due to the connective 
tissue, which frequently gives rise to precisely similar filaments. 
In our description of the above experiments we have therefore 
only designated these filaments as axis-cylinders in those cases in 
which their form and position showed they could be nothing else. 
Objective certainty was unattainable in regard to these filaments, 
although it seems in the highest degree probable that the axis 
cylinder remains uninjured in carbonate of potash. 

‘Virchow* first noticed that the substance of the nerves becomes 
hardened in solutions of carbonate of potash ; the fact, observed 
by my friend Ed. Weber, is especially worthy of notice, that the 
course of the fibres may be traced in an extremely beautiful 
manner in the brain and spinal cord, when they have been pre- 
viously treated with a solution of this salt. 

‘The nerve-cells are also but slightly altered in form in solutions 
‘of carbonate of potash. 

If prepared nerves are suffered to be immersed for any length 
of time in a dilute solution of soda, the separate fibres appear to 
become more faintly granulated, somewhat contracted in their 
diameter, and no axis-cylinder can be detected; the double con- 
tours of the cerebro-spinal fibres are also no longer visible, But 
when a dilute solution of soda is added to. fresh preparation whilst 
under the microscope, the sheath contracts, as was observed by 
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Killiker; while the nerve-pulp protrudes either at the extremities 
of the torn fibres, or through the sheath, which bursts at the 
of 


nerve- i 
with alcohol or ether are suffered to remain for a considerable time 
in a dilute solution of #vda, the nerve-tubes appear to be consider- 


Iy removed. 
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ppler; in the meanwhile the eell-membrane is frequently rendered 


nervous substance rich in cells, is exposed to the action of a dilute 
solution of soda, the cells, that is to say, both the walls and the 
nuclei, wholly disappear, leaving only a more or less finely granular 
‘substance. 


‘When the nerve-fibres have lain for a prolonged time in a 
concentrated solution of potash, the whole mass becomes converted, 
fon being well shaken, into s white emulsive uid; under the 





TPS MICRO-CHEMICAL, RELATIONS. 109 


nucleas nor nucleolus is visible; on the addition of water they 
are observed to swell up, and the contours gradually to disappear 
im the fluid; the nuclei do not appear, and at length nothing 
remains visible but a litle granular matter. 

‘When preparations of nerves which have been immersed in 
concentrated nifric acid for any length of time are brought in 
contact with a dilute solution of potash, the granular contents 
exade in the form of pale drops or globules from the yellow- 
coloured portions of fibre, leaving only the empty sheaths, which 
appear to be of an extremely pale yellow colour. This method, 
which was frst suggested by Killiker, is, perhaps, the best adapted 
for bringing to view the sheaths of the individual nerve-fibres. 

‘When nerve-fibres, which have been immersed for a consider. 
able time in concentrated acetic acid, are treated with boiling ether 
or aloobol, their appearance is found to differ according as these 
agents have acted more on small bundles or on individual portions 
of fibres. ‘The longer portions, or the nerve-fibres that have 
been separated by the method described in the preceding 

yh, appear to be somewhat contracted when compared 
with the thick coarsely granular fibres which have been treated 
with acetic acid only; the pale contours, corresponding to the 
sheath-membrane, become distinctly visible at certain points; 
invested in this membrane we see short portions of a granular 
substance, which are separated from one another by light inter- 
mediate spaces; there is usually no aris-cylinder to be recognised 
in these fibres. If the acetic acid has not exerted its action for 
‘too long a time, and especially if it has not been warmed, the axis- 
cylinder may be very distinctly seen in the torn fragmenta of a 
nerve-fibre after it has been treated with alcohol or ether, and its 
projecting end may be traced for a considerable distance within 
the tube. Very short portions of nerve-tubes seem, however, 
to be perfectly empty, appearing like tolerably regular, very faintly 
granular, extremely transparent cylinders, bearing some resem- 
lance to the urinary cylinders in Bright's disease, which are 
composed of the membrana propria of the tubes of Bellini, only 
they are far narrower and at least equally hyaline. 

If we now proceed to consider the conclusions which may be 
deduced from the above-described micro-chemical reactions, and 
from others on a larger scale, we find that the following is the 
chemical constitution of the separate morphological constituents of 
the nerve-fibres and cells. 

‘The sheath of the nerve-fibres consists, according to the above 
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observations, of a structureless, somewhat elastic whieh 
does not swell in a manner in. acetic acid, is not 


‘goes no change whatever when boiled with water. Least of all 


'* Vers, einer physiol. Chemie, 8, 685 [or English Translation, p, 603). 
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could we have expected that any one should regard the axis- 
cylinder as composed of fat, or at all events, of a very fatty sub- 
stance, as Mulder and Donders have actually done. The con- 
stantly recurring cylindrical form which is observed on the 
application of the very different reagents which have been men- 
tioned, the great coherence, the elasticity and sharp outline of the 
aris-cylinder, its complete insolubility in boiling alcohol and ether, 
its continuous visibility on the application of reagenta which expel 
and dissolve the fat from the nerve-tubes, and, lastly, the entire 
absence of experimental evidence that a fat can under any cireum- 
stances be converted into a consistent and resistent filament, 
incline us to believe that Mulder’s assertion must be ascribed 
either to a simple error of memory or to a laprus calamé:; for, 
although we may not be able to prove definitively that the axis- 
cylinder is wholly free from fat, the above reactions appear to 
show beyond a doubt that it consists essentially of a protein-like 
body, and that the fat which is so abundant in the nerves is pri 
cipally, and in all probability, entirely accumulated in the nerve- 
pulp. Kélliker has been led to advocate this view from his 
investigations regarding the axis-cylinder. 

‘The medulla or nerve-pulp appears, as we have already seen, to 
be perfectly homogeneous in recent preparations of the nerves, and 
moreover so perfectly transparent, that we can scarcely conceive 
it to be anything more than a viscid emulsive fluid, although the 
above indicated micro-chemical reactions, and the behaviour of the 
nerve-pulp in water, and on exposure to cold, show, that in addi- 
tion to an abundant supply of fat, it also incloses a protein-sub- 
stance, permeated by aqueous moisture. I can hardly compare 
this protein-substance to coagulated albumen, as some other 
‘observers have done, for albumen in a state of coagulation would 
‘easily admit of being distinguished under the microscope from fat, 
by the molecular form which it presents in this condition. It may 
very probably be regarded as corresponding with soluble albumen or 
casein, for when chemists engaged in analyses of the cerebral sub- 
stance speak of coagulated albumen, they do not refer to the albu- 
men of the true nerve-pulp, but to the fibrin-like matter of the 
axis-cylinder. The albuminous substance of the nerve-pulp is, how- 
ever, entirely different from the matter forming the axis-cylinders. 
‘This substance is soluble in, or rather, it may be extracted from 
the nerve-pulp by a dilute solution of soda, and by acetic acid when 
not too much diluted ; so that after repeated treatment with boiling 
alcohol or ether, the nerves appear to be perfectly empty, with the 
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‘exception of the axis-cylinder. When’ nervesibres have been 
treated with alcohol or ether, after having been exposed to the 
‘action of concentrated nitrie acid, or conversely when they have 
first been treated with Se ee eee 
vent, they still exhibit finely granular yellow-coloured contents, 
‘which can be nothing else than this protein-substance, which is 


serum which it always Sentai nd a power 
acid in decomposing the fatty matters, I was prevented from obtain 
ing any undoubted result. Although it is very difficult to obtain 
irect. proof from microscopical observations, or rather to form a 
judgment from them, the descriptions of the alterations: 
i Dees eleraealcbeerelieg 
{ng coarsely or finely granular or erystalline) seem aa 
‘the nerve-pulp contains a soluble protein-substance in 
closest admixture with a fat dissolved paper 
soaps, and that the visibility of the pulp is owingless to the coagu- 
lation of this albuminous body than to the separation of the fat 


more or less the character of fat, but not that of fibres (like coagu- 
Intog Bloons cleo poten 


jing conjecture, regarding the 
solution of the salts of the fatty acids. It seems to us, however, 
that Henle’s* view, that the nerve-pulp is not an emulsion, but an 
actual solution or mixture, leaves no doubt in relation to this 
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Tt may be observed that Bence Jones* has made an elementary 
analysis of the residuum which is left after boiling the brain in 
alcobol, ether, and water, and found that its composition was the 
same as that of albumen. It is scarcely necessary to remark that 
in the present state of our knowledge, no conclusions can be 
deduced from such analyses as these. 

‘The fate of the nervous substance can more readily be sub- 
mitted on a large scale to accurate chemical investigation than any 
other constituents of the nerve-fbres, but this very circumstance 
has thrown extraordinary difficulties in the way of inguirers, which 
have been increased from the fact that the chemical investigation 
was not simultaneously associated with a careful microscopical 
examination of the matters that were being chemically treated. 
Whilst 20 distinguished a chemist as Couerbet has distinguished 
a number of indistinctly characterised fats, as a cephalot, cerebrot, 
stearoconaot, eleéncephol, &e., 2 no less distinguished chemist, 
‘Fremy, arrived at very opposite resulta, which, although they threw 
considerable light on this question, did not by any means exhaust 
the subject in a chemical point of view. Gobley,§ as we have 
already observed, in vol. i, p. 248, separated phosphate of glycerine 
from the brain-fat. ‘The following facts are almost the only ones 
Possessing any certainty which have been obtained from the investi- 
gations hitherto made in relation to these fats (which were nearly 
all extracted from the brain). According to Fremy, boiling alcohol 
‘will extract from triturated cerebral matter olein and oleic and 
margaric acids, and fata which are combined in part with soda, 
potash, or lime; on then digesting the residue with hot ether 
cholesterin and cerebric and oleophosphoric acids are obtained in 
solation. The separation of these two groups is not, however, 80 
perfect as might have been supposed from the above remarks; for 
considerable amount of cerebric acid and cholesterin passes into 
the alcoholic solution, whilst oleic and margaric acids are found in 
the ethereal solution, : 

Fremy obtained the cerebric acid tolerably pure, by again stir- 
ing the ethereal extract of the brain with cold ether, from which a 
white mass separated, which soon assumed a waxy character after 
decantation of the ether on exposure to the air, The fatty acid 
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‘was combined here with soda and lime; this somp was next dis- 
solved in boiling anhydrous alcohol, and decomposed with a few 
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cerebric acid adhering to it, We may, however, readily convince 
ourselves that Fremy was mistaken in believing free phosphoric 
acid to be formed, the substance being, as Gobley has found, phos- 
phate of glycerine. I succeeded on one occasion in most unques- 
tionably demonstrating the presence of phosphate of glycerine in 
the mans obtained from a very diffused yellow softening of the 
brain, which, as Rokitansky has shown, contains a free acid. More- 
over while Fremy found from 1°9 to 2°08 of phosphoric acid in 
oleophosphoric acid, Gobley, on decomposing the same acid by 
acids and alkalies, always obtained margeric acid in addition to oleic 
acid,—a proof of the obscurity which still envelopes the whole sub- 
ject. It seems indeed to be proved, from the observations hitherto 
‘made in relation to this question, that the elements of these two 
Kinds of cerebral fats are very unstable, that is to say, that 
they sre extremely prone to numerous decompositions, and that 
they are mere admixtures of substances of which the one may have 
served the other as a medium of solution or distribution, The 
presence of nitrogen in the cerebric acid, and Fremy’s assertion 
‘that albumen passes into the ethereal solution, are questions which, 
singularly enough, have hitherto failed to excite observers to any 
more exact investigations, although they are at variance with pre- 
existing observations, and may very probably be of great signifi- 
cance in reference to the function of the nervous system, which is 
‘s0 immutably combined with its chemistry. 

‘The cholesterin which occura in the fat of the brain is partly 
taken up by the alcoholic extracts, and partly dissolved by ether, 
together with the cerebric and oleophosphoric acids, which it ac- 
companies in all their solvents. 

‘The analyses of 20 careful an observer as Fremy preclude the 
possibility of doubting that pure olein is contained in brain-fat, 
although we cannot consider it as demonstrated that this olein 
in derived from the (so-called) oleophosphoric acid. 

‘The quantity of oleic and margaric acids obtained by Fremy 
on extracting the brain-fat with alcohol containing ammonia, 
ia very small, When, as is often the case, these fatty acids are 
found in considerable quantity in the brain, their presence may 
in reality be owing to the facility with which the brain and its 
fats are decomposed. 

‘We know but little of the chemical composition of the morpho- 
logical elements of the nerve-cells, for the micro-chemical reactions 
already given lead us to very few conclusions on this point. From 
these observations it appears that the investing membrane of these 

12 











ne NERVOUS TISSUE, 


cells does not easily dissolve in acetic acid and in alkalies, although 
it certainly cannot be regarded as entirely insoluble in them. It 
moy, indeed, bear some resemblance to syntonin, for the cell-mem- 
brane is insoluble in carbonate of potash, and, as we have already 
stated, the nerves harden in a solution of this salt, It is worthy 
of notice in reference to this subject, that the grey, highly cellular 
substance of the central organs becomes more hardened than the 
white. 


‘The nuclei of the nerye-cells, like those of most other eells, are 
rendered more distinctly visible by acids, whilst they disappear in 
Se ees a evenness exact idea of 

their chemical nature. 


It appears from the micro-chemical reactions, which have been 
previously described, that the semi-fluid granular contents of the 
nerve-cells are much poorer in fat than the pulp of the nerve-tubes; 
for after the application of acetic or hydrochloric acid, or other re- 


‘appear to acquire corroboration from the smaller quantity of fat in 
the grey than the white substance of the brain, provided, indeed, 
that any definite conclusions ean be drawn from analyses of entire 
portions of the brain. All analysts have found only very little fat 
in the grey substance, which is so rich in cells, whilst in the fibrous 
medullary substance there is at least four times as much fat pre~ 
sent, As, moreover, the contents of the nerve-cells are not ren- 
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‘We were not in possession of any very carefully conducted 
investigations respecting the amount of water and fat present 
in different parts of the brain, until the subject was recently 
undertaken under Schlossberger’s superintendence by Hauff and 
Walther,* and by von Bibra.t ‘These investigations have led 
to results which are on the whole of a very conclusive and accor 
dant character. It is perfectly established that the white substance 
of the brain is much poorer in water and richer in fat than the grey 
‘matter. With reference to individual portions of the brain, the 
quantity of water seems to stand in an inverse ratio to that of the 
fat. In the cortical substance of the hemispheres Hauff and 
‘Walther foand from 85 to 863 of water, and only from 4°8 to 4:95 
of fat; and von Bibra from 84 to 88§ of water, and from 5°5 to 
6°58 of fat; whilst the former of these observers found 70°28 of 
water, and from 14°5 to 15°5§ of fat in the white substance of the 
corpus callosum, the latter obtained from 63°5 to 69:2 of water, 
and from 20 to 21§ of fat. On comparing the quantity of fat and 
water found by these analysts in the different parts of the brain, 
we find that it may be pre-determined with tolerable accuracy 
according to the relative amount of the white and grey substances. 
‘The same relation was found to exist not only in man, but in all 
animals in which the brain is sufficiently large to admit of the 
‘analysis of the separated grey and white matter for fat or water. 
‘Moreover Lassaignet had previously found that the grey substance 
was richer in water than the white, the former yielding 85-2, and 
the latter only 73-0 of water. 

‘Von Bibra found that in man, as in most animals, the greatest 
quantity of fat was deposited in the medulla oblongata. 

‘Vauquelin, as well as Fremy, found that the whole brain (grey 
‘and white substance mized) yielded with tolerable uniformity 803 
of water and 5§ of fat, whilst Denis found only about 78 or 763 of 
water, but as much as 12 or 138 of fat; von Bibra found on an 
average 75°54 of water and 14438 of fat. In animals the quan- 
tities of water and fat were found to differ considerably. 

Bibra found from 1°5 to 1-99 of phosphorus in the brain-fat. 

‘Fremy found 78 of albuminous matter in the brain; and 
‘Lasmaigne 7°5 in the grey cerebral substance, and 9°98 in the white 
substance. Se: 

Lassaigne, singularly enough, found only from 2-2 to 23g of 
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the child referred to, varied only in Seon pee from 
89:6, whilst the fat fluctuated between 4°5 and 3°83. 


of nerve-force, reflex action, 
irradiation, &e., should be found to depend upon electrical currents 
passing through endowed with more or less 


to obtain an exact physical explanation of such 
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Chemistry is too intimately associated with all the most important 
questions concerning the theory of the nerves to be excluded from 
ita just participation in the study of that most noble of all animal 
matters in which are concentrated the highest vital functions, 
‘The share taken by chemistry in the explanation of the functions 
of the nervous system ia now 20 thoroughly and fully admitted 
that it in unnecessary to enlarge upon this point, In corres 
ondence with the physical and physiological phenomena of the 
nerves, we find a substance accumulated in them which exhibita 
such mobility in reference to its proximate constituents as is 
not to be met with in any other organ of the animal body ; the 
chemical phenomena very probably, therefore, stand also here in 
the closest relation to the physical and physiological. Scarcely 
‘any one can entertain the idea that the nerves which (as Ludwig* 
has shown in his admirable Memoir on the influence of the nerves 
pon the salivary secretion) co-operate directly in the elaboration 
of certain secretions from the blood, and influence their accelerated 
(or modified separation, can control such functions without under- 
‘going chemical change. The chemical substrata of the nerves are 
conformable to their functions ; for, as in all other organs, the 
physiological importance of the chemical constitation, and the 
relations of affinity between the chemical substrata, must accord 
with one another. (See vol. i, p. 25.) 

‘The analysis of the nervous tissue is obviously still very imper- 
fect, as must be seen from the above remarks, 

The most suitable object for an investigation of this kind is 
probably the white matter of the hemispheres of the cerebrum, if 
we have reference only to the facility with which considerable 
quantitien of it may be obtained. The white matter is far pre- 
ferable to the grey, as it contains fewer blood-vessels, no nerve- 
cells, and scarcely anything but nerve-fbres. 

In making the determination of the quantity of water, the same 
recantions are required as in the case of every other organ, and 
especially of the muscles. We have already shown the importance 
of such precautions in our observations on the latter organs, 

In determining the mineral constituents of the cerebral matter, 
it must be borne in mind that the ash exhibits an acid reaction 
from the presence of free phosphoric acid, and that it, on that 
account, generally encloses a considerable amount of carbon. As 
is well known, phosphorus is given off in a volatile form when 
carbon is heated with phosphoric acid or with acid phosphates, 
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‘The methods of investigation which we have described do not, 
however at we sated fe to seperate the cerebral fats in soy 
rational manner from one another; nor can we hope to see good. 
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methods employed for quantitative separation until the chemical 
constituents of the cerebral and nervous matter shall have been 
determined with much greater exactness. 

[I have just received a copy of a Memoir by von Bibra, 
entitled “Comparative Investigations of the Brain of Man and the 
Mammalia ;?* his principal conclusions will be given in a note to 
‘Appendix. Much interesting matter upon the subjects discussed 
in this section will also be found in Schlossberger’s Memoir on 
the Nervous System in his “ First Attempt at a General and Com- 
parative Animal Chemistry,”+ which is now in the course of 
publication—a. . .] 
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‘Wa: have often had occasion to comment upon the inefficiency 
and imperfection of our chemical knowledge, when compared with 
the great expectations which have been entertained in respect to its 
applications to physiology and pathology; yet there is scarcely any 
subject which more thoroughly calls for a confession of our weak- 
‘ees and incapacity than the one we are now about to consider. The 
exadations constitute the most important object of 200-chemical 
investigation in reference to pathology, and the whole scope of 
pathological anatomy may be ssid to consist in the study of these 
structures and their different metamorphoses. But whilst, patho- 
logical morphology may be said to have already reached a very 
high degree of development, the chemistry of morbid structures is 
still very obscure. ‘The history of the development of pathological 
forms has contributed very little to clear up these difficulties, not- 
withstanding the great advance which this branch of science has 
made in recent times; and it is an undeniable fact that in the case 
of many pethological forms we are wholly ignorant whether we 
have before us the beginning or the end of the process, the first 
formation, or the last stage of disintegration. ‘The science of 
pathological histology, which alone can guide the chemist, is 20 
fall of uncertainties, subjective conceptions, and varying con- 
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attempts to ‘micro-chemical analysis 
even of the simplest pathological forms, and how ean the chemist, 
if he have no certain point to start from, arrive ut correct conclu 


observations, but upon an in the corre 

ts of chemistry. We have endeavoured (see 

vol. i, p. 19) to explain the causes which istry from 
in the investigation of matters, and we 


treatment we have adopted in this chapter, and to explain the 
at Arey 


distinguish 
‘casein when they are associated in the yolk of egg and elsewhere; 
that casein itself appears to be a mixture of several substances; 
nag oped ee ale preparer prey 
an impracticable operation, to extract chemically demonstrable: 
SiR epee ontece ether secs a 
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‘exudations. Even im those cases in which the chemist succeeds 
in extracting one or other of these substances, he seldom obtains 

evidence of their chemical purity, without which they 
are wholly inapplicable fora true chemical investigation. A chemist 
cannot be satisfied that he knows a substance until he has sub- 
mitted it to an elementary analysis, and can attain, at oll events, an 
approximate determination of ite atomic weight; in fact, a body 
which has been submitted by the chemist to a few reactions only, 
however striking they may be, but for which he is unable to 
establish « formula based upon elementary analysis, may be almost, 
considered as unknown to him. In this sense (and in exact 
investigations’ we can only take this view) all substances which 
manifest themselves as transition-stages from the protein-bodies of 
plastic exudation are wholly unknown to us, and must remain 
equally unexplained until we are able to elucidate the mystery of 


protein. 

Although there may be an established conviction that the 
‘chemist is still unable to trace the metamorphoses of plastic matter 
in the exudations, and to note the processes by means of which one 
or other form is produced, we may be disposed to inquire what 
qualitative alterations, what heterogeneous constituents, and what 
special substances are to be perceived in the inflammatory, oF 
the so-called specific exudations. 

Like others, we have undertaken numerous investigations of 
this subject in obedience to the requirements of physicians, and 
wo have succeeded in proving the presence of true biliary sub- 
stances both in plastic and non-plastic exudations under many 
different relations, which scarcely admit at all times of being fully 
demonstrated, and have exhibited taurocholate of soda as well as 
beautiful crystals of glycocholate of soda. Urea, sugar, certain 
extractive matters, &c., may be shown to exist in nearly all exuda- 
tions. However interesting such observations may be in many 
respects, the presence of these substances can scarcely, as far as 
wwe are at present able to judge, have any important influence on 
the metamorphosis of the fluid exudation, or any special significa- 
tion in respect to the formation of this or that form of tissue. 
‘What additional point have we ascertained if even we succeed in 
showing that cystine forms the principal constituent in tuberculous 
masses, succinic acid possibly in cancerous growths, or some other 
unusual substance in other diseased matters, if no connection can 
be traced between the presence of such a substance and the other 
circumstances of the case? The qualitative examination of patho- 


for special constituents; and how rapidly decomposition sets in 
after death, even while the body is yet warm. 
We would here touch upon only one of these i 
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result. On closely considering the question, we certainly find 
‘that the quantitative investigation of the exudations justifies us in 
entertaining far higher hopes, and that it opens to us.a rich and 
varied field of inquiry, while at the same time it affords but little 
encouragement to the present tendency of physicians towards 
humoral pathology. We must here rather abide by physical laws, 
which will afford us the best and securest support in our endearours 
to give a more general character to the results of auch inquiries. 
Bot here we have first to determine the points of view from which 
such quantitative investigations of pathological producta should be 
considered, as long as our knowledge of qualitative analysis is 20 
deficient. 

We endeavoured, under the head of Animal Juices (vol. ii, 
P- 308, &.), to distinguish excessive transudations from exudations, 
although we did not believe that any very strictly defined line of 
demarcation could be drawn in individual cases between these two 
kinds of fluids, which are both exuded from the blood. If we 
exclude from our consideration the transitional forms, those dif- 
ferences to which we have referred (see above), and which have 
been more than sufficiently described by pathologists and histolo- 
gists in the distinctions between plastic and non-plastic exudations, 
are rendered sufficiently prominent. We have endeavoured to 
show, from our own experiments and those of others, that the 
formation and constitution of transudationg depended upon certain 
physical relations. We think we shall scarcely be in error if we 
assume that definite numerically reducible relations will be dis- 
covered for the exudations, by which their composition and subse- 
quent metamorphosis may be established. In short, no one who 
is not daziled by the fantastic forces, which have been supposed, 
during the last few years, to play so prominent a part in the 
animal body, can doubt that these exudations are subjected to 
definite, physically determinable laws. Although the nervous 
influence may act in a tolerably direct manner upon the chemical 
relations of the exudation, the quantitative relations must solely 
depend here, os in all similar processes of the animal body, upon 
alterations in the mechanical relations. When, therefore, we have 
investigated the quantitative relations of the products, we shall 
undoubtedly find enough certain results to give us some insight 
into the mechanical conditions. It will of course be understood 
that we do not, in the least, underrate the great theoretical difficul- 
ties which present themselves in this inquiry ; the task we propose 
to ourselves is the simple one of solving the question of the 
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Reymond,* we shall have sufficient materials at our command for 
tracing the abnormal as well as the normal circulation of matter 
in the animal body to purely mechanical conditions, But all 
these new discoveries, and the observations of earlier inquirers, 
only yield us a number of hypotheses regarding the mechanical 
metamorphosis of matter; but the inductive proof of their accuracy 
ean only be obtained by means of a series of systematically con- 
ducted quantitative analyses of the animal fluids. 

Tf we would investigate the alterations which occur in exudations, 
and the laws by which these changes are regulated and controlled, 
it is obvious that we must direct our attention not only to the 
exudations themselves, but also to the mother-fluid from which the 
exadations are derived, namely, the blood. It is obvious that it is 
only by the juxtaposition of the analysis of the exudation and of 
the corresponding blood, that any value can be attached to the 
results of the former. The analyses of such exudations should, 
however, be capable of comparison with one another, and not 
conducted at hazard merely when the physician may happen to 
meet with some interesting case. 

Tt may appear superfluous to those who know that the result 
of an experiment nearly always depends upon the method employed 
in the inquiry, if we venture to suggest that an accurate investiga 
tion of the exudations demands a strictly systematic mode of 
treatment, or, in other words, an elaboration of the subject from 
definite points of view, requiring the most careful consideration of 
allthe conditions involved, with a constant regard to the length of 
time the exudations have existed, the nature of the products 
‘exaded, the morphological metamorphose exhibited by the latter, 
and many other similar relations. If any apology he necessary for 
these remarks, we would only observe that, to our knowledge, 
no one has ever attempted to conduct the examination of the 
exudations in the above-described rational manner. 

‘We may be permitted to ask, with some show of reason, whether 
the quantitative analyses of the animal juices aro at present con- 
ducted in v0 perfect a manner as to satisfy the requirements for 
which they are instituted. 

‘We have already considered at length, in different parts of this 
work, the results which may be yielded by quantitative zoo-chemical 
analyses, while we have shown, in no very favourable colours, the 
fruits which they have actually afforded us; but although they fall 
far short of our expectations, they are yet fully sufficient to 
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the prosecution of investigations which may he productive of great 
remults to pathology, if an experimentalist were desirous of analys- 
ing exndations in accordance with the pointa of view we have been 
‘considering, he would of course feel the want of the necessary ma- 
terial in the neighbourhood of merely a small hospital ; for in every 
case the investigation should begin with the most recent exudations, 
and it is precisely these which are the most rarely met with. In 
addition to the age of the exudation, other points have also to be 
observed ; for the exudative matters yielded by similar cavities and 
tissues, ought to be compared together, which it would not be easy 
todo in small establishments, whilst the accompanying morbid 
processes, to which the physician attaches the greatest weight, ought 
to be noted, together with the stages of the exudation and the 
cavities or organs in which the effusion occurs ; but for these pur- 
Poses we require a larger amount of materials than can often be 
obtained. If, moreover, the chemist should have the misfortune 
to be associated with physicians who have a prejudice against 
venesection, however much theory and practice may favour ita 
adoption, he will be compelled to relinquish the examination of 
the exudations, for unless he has obtained a previous blood- 
analysis, such an investigation will be of no value. One of the 
greatest difficalties which present themselves in the way of obtain- 
ing materials necessary for these observations is the circumstance 
that either from regulations connected with medical jurisprudence, 
feelings of humanity, or other considerations, examinations are 
not undertaken until twenty-four hours, or even a longer interval 
‘after death, a period within which various processes of decom- 
position may have set in, and the alterations produced by death 
may have attained a very high degree of intensity by diffusion and 
endosmosis, Many of these impediments might be obviated by 
conducting such experiments as we have described in the neigh- 
Bourhood of large veterinary institutions, and indeed the advan- 
tages of employing diseased animals for such investigations are 80 
obvious that it seems wholly superfluous to refer more fully to 
them in the present place. Unfortunately, however, very few patho- 

ical investigations have been prosecuted in institu- 
tions of this kind we must hope, however, that they may speedily 
be made to contribute towards the establishment of a rational 
pathological chemistry, since institutions of this class afford much 
more abundant available materials than hospitals even, for the 
analyses of the blood. Some of the principal difficulties which we 
have enumerated present themselves even when we have an abun- 
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dance of diseased animals at our disposal, for all exudations taken 
Jndinsiminatel ae not oqalysuabe fore rational invetigstion, 
relations often render it impos- 

pomeeartiied etree rt bse 
‘When we consider the difficulties which present themselves at 
the very outset of all attempts at quantitative examinations of the 
exndations, we can hardly wonder that many chemists should 
shrink from the prosecution of such unsatisfactory labours, more 
especially when we bear in mind that pathology offers for our con 
sideration numerous questions, the solution of which promises 
‘more abundant results, and should, as is obvious to reason, pre 
cede the analysis of the exudations. It is to be hoped, that phy~ 

insight i ic 


questions 
of any exact solution, only bring to light the ignorance of 





deductions with which pathological chemistry is aley over 
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will be clearly seen, that our positive knowledge in this 
ment of science is extremely small, whilst the majority of the few 
materials collected in reference to these subjects of inquiry (as, 
for instance, some wholly irrelevant analyses of cancerous tumours, 
pleuritic exudations, tuberculous masses, peritoneal exudations of 
Giada harncfer, fog fc) arate rejected as entiely Wonton 
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science, he will nowhete find a better guide than in Henle’s recent 
and masterly exposition of this subject,* where the accumulated 
stores of histological materials have been carefully sifted, the 
objects clearly delineated, and the various points of the inquiry 
ably treated. 

‘Since the exudations manifest every variety of difference, partly 
in reference to their morphological characters, partly in the meta- 
morphoses which they undergo, and partly from their different 
modes of origin, and since we are still far from comprehending 
their differences from a chemical point of view, the only principle 
to be adopted in making a division of the whole subject is to 
choose a plan of arrangement based upon direct observation of 
the characteristic differences which exist in the physical properties 
of the objects. Great as has been the labour expended in the 
‘attempts to describe and classify the exudations in accordance with 
their external characteristics, we think the chemist can find no 
safer guide than that most accurate pathologist Rokitansky.t 
For although the description which Rokitansky gives of the 
differences of the exudations may be interwoven with designations 
‘and the indications of a theory of crases which the chemist does 
not recognise, we nevertheless meet with the most minute obser- 
vations which are perfectly true to nature, and which alone ought to 
form the basis of a more extended physico-chemical investigation. 
‘We therefore purpose following Rokitansky’s mode of arrange- 
ment in giving the few known chemical relations ; and shall 
consider the exudations 1, as fibrinous, which are again subdi- 
vided into simple plastic and croupous; 2, as albuminous; and 
3, as purulent, under which head are included ichorous and 
hamorthagic exudations. 

‘The attacks which have been made by many of our chemical 
physicians against Rokitansky’s mode of considering and classi- 
fying the exudations, apply less to his own views than to those of 
some of his pupils and followers, who have distorted his facts by 
the most wild and paradoxical hypotheses. In reference, how- 
ever, to any objections which may he advanced against the mode 
of expression adopted by the founder of pathological anatomy, it 
should be observed that the expressions albuminous or serous 
‘exudations are intended simply to designate a physically and defi- 
nitively characterised form of exudation ; but that Rokitans| 
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‘The constituents of these perfectly fresh exudations do not 
differ in quality from those of the liquor sanguinis. ‘The 
the 
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fibrin becomes perfectly dissolved after digestion for some time at 
a temperature of 80° in a solution of nitre, being converted into a 
coagulable fluid. In water containing hydrochloric acid, the exu- 
dation swells up in a gelatinous form, but does not dissolve, in 
which respect, as in all other reactions, it perfectly coincides with 
the blood-fibrin, Precisely the similar remark applies to the 
albumen; and the mineral constituents, in as far as we can 
determine them from the small quantities of these exudations 
generally at our command, differ in no essential respect from those 
‘occurring in the liquor sanguinis. 

No detailed quantitative analysis can be made with very recent 
‘exadations owing to the small quantities in which they are obtained. 
Thave, however, constantly found more water in them than in the 
Jiquor sanguinis, which is the more striking, seeing that in collect- 
ing these fluids the evaporation of the water cannot be #0 readily 
Prevented as when the blood is drawn from the opened vein. In 
five experiments on rabbits and in three on geese, I found from 1°94 
to 4-28 more water in the secretion from the wound than in the 
plasma of the mixed blood, that is to say, of the mixture of 
arterial and venous blood, which was obtained from the carotid 
and jugular vein, I could not determine with any degree of 
certainty whether the amount of fidrin in the exudation was 
greater or less than that in the liquor sanguinis; but the quantity 
Of albumen was decidedly somewhat smaller than in the blood- 
serum, the difference being greater than could be ascounted for by 
the relative increase of water in the exudation. In geese there 
was always rather more fat in the exudation than in the corres- 
ponding liquor sanguinis; but here it was difficult to determine 
whether the fat from the subcutaneous cellular tissue was not in 
part mixed with the secretion from the wound. No difference 
could be detected in the quantity of salts contained in both fluids, 
Strict determinations in the case of the phosphates and metallic 
chlorides on the one hand, or of the soda and potash salts on the 
other, were impracticable; but I endeavoured in six cases to 
determine the average proportions of these substances in the 
secretion from the wound and in the corresponding blood-serum, 
and I think that I am scarcely in error in stating that the 
secretion from the wound contains relatively more of the phos- 
phates and potash salts, and that the serum contains an excess of 
oda salts and chlorides. 

‘The very recent exudations obtained in rare cases from the 
serous sacs of human subjecta present very different relations, not 
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Sag namagees ‘but already separated into a coagulum and a 
‘The coogulum varies very much in form and colour according 
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out by water, and which cannot possibly be regarded as fibrin, 
the exudation cannot generally be obtained as an entire mass, 
that is to say, all the solidified as well as the still fluid parts cannot 
he removed from the cavity into which they have been effused. In 
the meanwhile it would appear, from approximate determinations, 
that the relation between the solidified and fluid matters varies 
very considerably, a circumstance which confirms the well-known 
experience derived from personal observation that a large proportion 
of the exudative fuid is soon resorbed. According to our experi- 
ence, there is no definite relation between the part of the exudation 
which remains fluid and the serum of the corresponding blood ; 
but in most cases, here as well os in the secretions from wounds, 
the solid residue of the exudation-fluid is inconsiderable, and con- 
sequently the amount of water is greater. I found this difference 
between the fluids the greatest, namely, about 3-478 in a very fresh 
peritoneal exudation, In some cases, however, the quantity of the 
solid constituents in the exudations exceeded that in the corre- 

sponding blood-serum. There was usually less of the coagulable 
protein-substances in the exudative fluid than in the corresponding 
‘blood-serum; an apparent excess of these substances occurred 
‘only in one-seventh of the cases observed, but then the fluid had 
become turbid, and had not been thoroughly cleared by previous 
filtration. These fiuids differed less in respect to the extractive 
matters which they contained; indeed, if the latter were con- 
sidered in reference to the quantity of water in both fluids, the 
difference was in most cases 80 inconsiderable that it could scarcely 
be said to exceed the amount of such errors as are unavoidable in 
observations of this nature. But on comparing them in their 
relation to the solid residue, we commonly find that there is a 
small excess for the extractive matters of the exudations. The 
sum of the salts is generally somewhat higher in the exudations 
than in the blood-serum of the same individuals. On comparing 
together the different salts we find, without exception, relatively 
and absolutely more of the phosphates and potash-salts in all these 
exudations than in the blood-serum. 

However much one might be disposed, from these results of 
my analyses, to find a confirmation of the view that has already 
been advanced elsewhere, that the phosphates, and with them 
probably also the potash-salts, contribute very essentially towards 
the plasticity of the exudations, we cannot regard the point as 
definitively aettled, for it is not easy to determine to what extent 
the quantity of blood-cells in the exudations contributes to this 
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result, T have met with no single plastic exudation (I refer to 


that exudations which are very rich in blood are not in general 


indirect relation to the plasticity. For where are we to scek 

for the source of the excess of potash-salts and phosphates which 

is constantly present in the plastic exudations, if not in the blood~ 
wound-secretions, i 


the cause why the transudations, even when they contain fibrin 
and some blood-corpuscles, are: not plastic, for the separation of 
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the transudations is not preceded or accompenied by a true inflam- 
matory process with complete stasis and with the entire destruc- 
tion of the blood-cells in the capillaries, as is always the case in 
the exudations. 

Weedo not, however, think that it has been satisfactorily proved 
that the plasticity of the exudation is necessarily dependent upon 
the presence of these salts, but it is a characteristic of the human 
mind to catch at the slightest facts for support in the arduous 
paths of enguiry. Some aid might perhaps be afforded towards 
the establishment of inductive proof by the reaults of a series of 
experiments which I instituted on the blood of horses, comparing 
the blood of different vessels with the arterial blood. ‘The results of 
the comparative analyses of eighteen samples of blood from different 
veins showed that in those capillaries which supply the muscles 
(organs peculiarly rich in potash-salts and phosphates) the largest 
number of blood-cella were destroyed; and that in the venous 
blood, which flowed from the corresponding parts (from the cephalic, 
external abdominal, digital, and median veins) there were far 
fewer blood-cells and a much smaller quantity of the phosphates 
and potash-salts than in the corresponding arterial blood or in th 
blood of other veins, which return the blood from other organs. 
‘These differences are vo considerable, that in the venous blood of 
the muscles there are on an average from one-fourth to one-third 
fewer blood-cells than in the arterial blood, whilst in the blood of 
other veins the difference is either far smaller or there are relatively 
more cells (that is to say, absolutely less intercellular fluid). 

We have already spoken (in vol. i, p. 361, and vol. ii, p. 310) 
of the doubt which still exists regarding the influence exerted by 
the presence of the fibrin on the plasticity of the exudations, 

‘The present would be a fitting place to consider more atten- 
tively the more persistent exudations, and to investigate somewhat 
‘more circumstantially the chemical metamorphoses which run 
parallel with the morphological formations, but unfortunately this 
is a point on which we know little or nothing. As the solidifying 
parts of the exudation are far less accessible to chemical investiga- 
tion than the fluid, our attention must of necessity be limited almost 
exclusively to the latter. I have made some attempts to ascer- 
tain the differences in the composition of the fluid which occurs 
in association with the solidified exudation, in eo faras they are 
dependent on the metamorphoses which the original exudation has 
undergone. We know that these metamorphoses may be of three 
different kinds; in the first case, the exudation is gradually resolved, 











gest themselves in connection with this point, and must direct his 
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attention almost exclusively to the solid parts of the exudations, 
which are always more or less altered. 

Rokitansky, who would naturally judge of the nature of the depo- 
sitions solely from their physical character, has arranged croupous 
exudations in three subdivisions,—a mode of division which has 
been much objected to, but which is undoubtedly recommended 
by experience, if we simply compare together facts under the most 
widely differing forms which they can assume, and exclude all 
those which merge into one another, as must be done in every 
artificial mode of division. A simple microscopical examination of 
these croupous exudations shows that the object which we are here 
considering is not pure fibrin, for even in the most recent forma- 
tions the microscope reveals, in addition to a fibrous substance 
not very unlike freshly coagulated fibrin, « great number of mole- 
colar granules and flake-like lamin, which at certain spots appear 
to be jagged. After they have existed for a longer time, we ob- 
serve in them nuclei and cytoid corpuscles; indeed the occurrence 
of the latter is often so sudden (or in other words the metamor- 
phosis of the solid exudation into pus-corpuscles is so rapid) that 
many observers have altogether doubted the previous separation 
of fibrin. The questions which have been propounded to chemists 
ince Rokitansky’s original subdivision of the various kinds of 
fibrin, are in part solved by microscopical investigation. ‘The 
substance to which Rokitansky applied the term croupous or 
aphthous fibrin, or which he regarded as the primary matrix differ- 
ing from ordinary fibrin is now in a great measure found not to be 
fibrin at all; and he himself has noticed the absence of that net- 
work of fibres which is peculiar to coagulated fibrin both in the 
aphthous cosgulum and in the croupous exudation 8. These granu- 
lar solid exudations are no longer fibrin, having undergone various 
chemical as well as morphological metamorphoses before they come 
under our notice. One might, indeed, here assume, as has been 
done, the existence of a dimorphism, such as has been shown in 
recent times to exist in the case of many mineral substances ; but 
independently of the fact, that true heteromorphism is far less 
frequent in organic chemistry, and that its existence in respect to 
fibrin still remains undetermined, the qualitative chemical investi- 
gation of these exudations shows us that the granular matter which 
they contain is by no means chemically identical with the unaltered 
fibrin which is often still contained in these deposites. 

In those exudations, which Rokitansky names aphthous, we 
find, after careful washing, no material which, after the exudation 
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has been digested fora short time in a dilute solution of nitre 


water, and then immersed in a solution of nitre of the previously 
‘named concentration, at a temperature of 30° oF 40°, a great por 
tion of it is always dissolved, whilst the fluid is also found to con 


containing phosphorus 
to be present in rather larger quantities inthe: 


ordinary blood-fbrin, Tnever found less than 2§, and often more 
Shera eb pepsi oolala Forte a ca 
‘Notwithstanding my conviction of the insufficiency of elementary 
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analyses for the examination of such substances, I have very fre- 
quently instituted analyses of this kind with the residue (insoluble 
in water, alcohol, and ether) of the croupous exudation of the first, 
order (a); but the resulta were so variable, that it was impossible 
to compare them with the composition of the blood-fibrin. Accord- 
ing to moat of the analyses, the fibrin of the exudation contained 
somewhat less nitrogen than the fibrin of the blood of the same 
individual; and it was only once in seven cases that the nitrogen 
‘equalled the quantity found in the blood-fbrin. The quantity of 
carbon wes equally variable, for in some cases I found rather more, 
‘sometimes from 1 to 2§ less, than in the blood-fbrin. 

‘The croupous exudation of the second order (8 Rokitansky) 
may be regarded as holding an intermediate place between that of 
the firet and third order when considered in a chemical point of 
view. I have never found it to be perfectly free from pus- 
corpuscles. 

Rokitansky distinguishes yet a third form of fibrinous exuda- 
tion, namely, the tuberculous. Although in a purely physiological 
oreven logical point of view, we can scarcely admit the assumption 
of such an exudation as a special form, its recognition is advantage- 
‘ous in a practical point of view. We entirely set aside the idea of 
an entirely specific process, and simply adhere to that which for 
‘ages has been attached to the term tubercles. In characterising 
this exudation, Rokitansky has here, as in other cases, not studied 
the original fresh product of the exudation, but only the peculiar 
form in which it most commonly comes under ournotice. Persis- 
tence in a very low stage of development has in general been 
adduced as the most characteristic property of tuberculous exuda- 
tions, and indeed we seldom meet with more than molecular 
grancles, minute aggregations which have been regarded as of a 
special nature (tubercle-corpuscles), and, at most, faint indications 
of cellular structures. The absence of plasticity in these exudations 
‘has commonly been referred to the too rapid resorption of their 
fiuid parts, and either to the actual absence of blood in the smaller 
‘vessels, or to other causes preventing these parts from being readily 
permeated with moisture, Where such a permeation as this takes 
Place, we less commonly observe a formation of cells than of cytoid 
corpuscles, which then give rise to what is termed softening of the 
tubercles. Tubercles have been divided, as is well known, in 
acoordance with their form and mode of deposition, into miliary 
and infiltrated, and further subdivisions have been suggested, 
based upon their consistence and age (as for instance, gelatinously 
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infiltrated, &e.). On microscopic investigation, most of 
them are found to consist and granules. 


patients. 
‘There is no exudation which, when once formed, admits more 
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tubercles consist chiefly of cholesterin, which may be recognised 
by the microscope, together with carbonate of lime, and a little 
phosphate of lime. The tubercles are generally deficient in salts, 
‘although the statements of authors on this point are as variable as 
the results which I obtained from my analyses of the different 
forms of these exudations. There is on an average more car- 
‘Donate of lime in the ash of tubercles than in that of any other 
substance of the animal body which is rich in protein. ‘The recent 
observation, that xantho-cystine occurs in old tubercles, is very 
remarkable, but I have not hitherto had any opportunity of veri- 
fying the correctness of this assertion, [See note to vol. i, p. 169, 
(on santhine) in the Appendix.] 

‘We must confess our inability to form a perfectly clear idea of 
Rokitansky’s albuminous exudations, although we do not by any 
means believe that they can be classed under the same head as 
the purulent, or any other form of exudation. We have found 
that they presented very considerable chemical differences; and 
the turbidity which occasionally gives them a milk-white ap- 
pearance is probably the simultaneous result of many different 
relations. The microscope shows that, in addition to the cellular 
elements, which occasionally become developed into spindle-shaped 
or candate cells, there occur also a number of molecular granules, 
fat-globules, and a viscid filamentous substance, forming under 
‘the microscope hyaline stripes, and here and there probably also 
flakes of true fibrin, ‘The turbidity arises in different cases from 
different microscopical elements. 

‘This filamentous matter cannot, however, be regarded as true 
coagulated fibrin; for, independently of the circumstance that it, 
cannot microscopically be confounded with ordinary fibrin, (since, 
like bronchial mucus, it acquires its filamentous appearance solely 
from the pushing or turning of the thin glass plate covering 
it, or from other mechanical conditions,) it differs completely 
from fibrin in the following chemical reactions. It commonly 
dissolves with considerable facility in solutions of neutral alkaline 
salts, when not too highly concentrated, without requiring any 
prolonged digestion or exposure to heat. Besides this, it fre- 
quently acquires a certain degree of opacity or milky turbidity, and 
ia rendered less tough when exposed to the action of dilute acetic 
acid, dissolving only in an excess of this acid, or when it is con- 
centrated; and, (excepting in two cases,) it has been found to 
dissolve easily in very dilute hydrochloric acid. The molecular 
granules occasionally consits of fat only, but they may frequently 

















casein in such fluids either by the application of rennet or by 
other means; the viscid character and the reactions which these 
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because ‘I found in two cases (in puerperal fever with pycemia) 
considerably more phosphates than one usually meets with in the 
salts of the exudations. ‘The occurrence of large quantities of 
bile-pigment and biliary acids, urea, sugar, &c., in certain albu- 
minous erudations must be regarded as purely accidental, and as 
admitting of an easy explanation in individual cases. 

Rokitansky’s serous dropeical exudations coincide perfectly with 
the trensudations which we treated of in vol. ii, pp. 308-331, but 
we think we have sufficiently explained, both there and in the 
introduction to the present section, the reasons which compel us 
to separate the transudations from the exudations. No one can 
deny that in some cases an exudation may become associated with 
‘a transudation, or, conversely, a transudation may associate itself 
with an exudation, but the two processes must in principle be 
widely distinguished, as, in fact, they do occur distinct from each 
‘other in most cases, leaving no grounds for confounding one with 
the other. The erroneous idea that the plasticity of an exudation 
depends only upon the quantity of fibrin which it contains, has led 
many persons to doubt the propriety of separating exudations from 
transudations, as we meet with plastic exudations without fibrin, 
and non-plastic ones which contain fibrin but we think we have 








plasticity of the exudations is constantly associated with the 
Presence of a certain amount of soluble phosphates, which occur 
either in very small quantities or are even wholly wanting in the 
transudations. As the phosphates and potash-salts can originate 
only in the blood-cells, they cannot occur in large quantities in 
the exudations, or render the transuded liquor sanguinis plastic, 
unless there is true stasis and destruction of the blood-corpuscles, 
when the contents of the latter transude through the lacerated or 
‘uninjured walls of the capillaries. ‘The formation of transudations 
poor in phosphates and potash-salts, is solely dependent on a 
retarding of the blood-current in the capillaries and on other 
mechanical relations, and in no case depends upon a complete 
stasis or destruction of the blood-corpuscles,—in other words, it 
never depends upon true inflammation. 

We do not, however, by any means incline to the view, that 
the plasticity of an exudation is solely owing to the presence of 
phosphates (although their infuence on the formation of the 
tissues in the case of animals, has been almost demonstrated by 
direct observation) ; it is, on the other hand. very probable that 
other substances may constitute essential requirements for pro- 
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of referring the most processes to the 
merest and fing to explain the modus operandi 
of certain powerful or inefficient remedial agents by clumsy mecha 


which adheres to the cell-membrane. apes pas 
‘entertained of the physiological cell ; and on this account it would 
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be desirable, perhaps, to avoid the numerous designations which 
have been applied to these hodies, and to adopt the name of 
eytoid corpuscles proposed by Henle (F. P. 11, F. 3). 

‘We do not purpose entering more deeply into the morphology 
‘of pus, its mode of formation, &c., as this would be leading us too 
far from the main subject of our inquiries, and involving us in a 
labyrinth of unanswered or unanswerable questions and the 
‘vaguest conjectures, as the chemical investigations hitherto made 
in this department of inquiry have contributed very little towards 
the elucidation of pus and purulent exudations, Although we 
found ourselves compelled on a previous occasion, when investi- 
‘gating the micro-chemical characters of pus and suppuration,* to 
hazard various hypotheses on the morphological as well as the 
chemical natare of purulent formations, we are nevertheless of 
opinion that where chemistry is not sufficient in itself to solve 
the difficulties falling within its own scope of inqiiry, it ought 
not to assume the semblance of being able to lay the foundation 
of a rational enquiry by the aid of unstable conjectures and mere 
assumptions—the imputation of which has, on too many occasions, 
clung to this science. We will not, therefore, enter further into 
the genesis of pus-cells, or of the morphological elements allied to 
them, nor will we dwell on the physiological value of these cells, the 
different characters of laudable and malignant pus, &., as almost 
every recent histological and pathological work abounds in the 
most comprehensive facts and opinions bearing upon these points. 
‘The sifting of the chemical facts before us will also be a matter of 
extreme facility, owing to the very small number of positive 
resulta yielded by the earlier chemical investigations. 

The reason why a very subordinate degree of interest attaches 
itself to the earlier investigations made on this subject, many of 
which were conducted with great care, depends in a great degree 
upon the difficulty, or even impossibility, of separating the cytoid 
corpuscles of the pus from the intercellular fluid, (the so-called 
pus-serum,) although such a separation is obviously necessary to 
afford such a view of the constitution of the pus, as may at once 
accord with nature and satisfy the requirements of physiology. 
‘A quantitative determination of the constituents of the corpuscles, 
such as we have at all events approximately obtained for the 
blood, is scarcely possible as yetin the case of pus. Pus-corpuscles 
do not admit more readily than the blood-corpuscles of being 
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‘Thus, for instance, the pus from accidental wounds or ulcerated 
arta ina phthisical patient presents under the microscope a totally 
different appearance from that of a typhous subject, whilst that 
of the latter would in its turn differ essentially from the appear- 
ance presented by the pus taken from a drunkard or from a 
patient exhibiting the cancerous dyscrasia; and this would be 
observable even in cases in which the suppurative fluids could not 
be regarded as the ordinary ichor of surgeons. In case these 
observations should excite a doubt in the minds of those who have 
been accustomed to examine pus under the microscope, we would 
simply refer to the fact that the mere size of the linear diameter of 
‘8 cytoid corpuscle frequently furnishes a clue to the nature of the 
fluid from which it was obtained; thus, for instance, Henle* found 
that the cytoid corpuscles in the pus measured on an average from 
0-004 to 0-005”, that those in the saliva and mucus were somewhat, 
larger, and those in the blood were, on an average, smaller. These 
differences he ascribes, undoubtedly with much truth, to the dif- 
ferent densities of those fluids. When therefore we find that the 
mere density of the blood, on which depends that of almost all the 
other juices of the animal body, exerts so great an influence, wo 
can scarcely suppose that the other qualities of the blood should 
exercise no action whatever on the chemical constitution of the pus. 
We can hardly therefore be accused of adopting any exaggerated 
or far-fetched view if we regard all analyses of pus, which are 
unaccompanied by simultaneous analyses of the blood, as devoid 
of all importance in interpreting a physiological process, or in pro- 
moting the recognition of the true constitution of normal pus. 
We have deemed it expedient to make these preliminary remarks, 
partly to free ourselves from the reproach of having neglected the 
laborious investigations of former inquirers in our representation 
of the chemical relations of pus, and partly to prevent, as far as 
lies in our power, the misapplication of efforts which would be lost 
to scientific pathology, by being expended on the chemical analysis 
of objects whose examination can in no way promote the advance 
of science. 

‘We have already observed, in reference to the plasma or the 
germinal fluid of the pus, that it appears to be originally identical 
with the fresh plastic exudation which we examined from the 
secretion of a wound. We will here subjoin a few remarks in 
addition to the relations which we have already described. In one 
case the secretion was collected from wounds which had been 

© Handb, der ration. Pathol, Ba. 2,8. 688. 








150 ‘EXUDATIONS. 


inflicted upon eight rabbits in the manner already described: as 
‘soon as it began to flow free from blood-corpuscles, 100 parts of 
the solid residue contained (as was determined by direct incinern- 
tion) 12-341 of mineral substances (the solid residue of the serum 
and of the Grin yielding 99713); 100 parts of the salts of the 
secretion from the wounds yielded 41°145 parts of chlorine, 5°$19 of 
phosphoric acid, and 6-941 of potash, whilst from that of the liquor 
sanguinis there were obtained 53-1454 of eblorine, 20148 of phos- 
_phoric acid, and 48143 of potash, In the solid residue of the 
‘secretions from the wounds in three geese there were 15°148% 
of mineral substances (in that of the liquor sanguinis there were 
11°155§); 100 parts of the salts of the wound-secretion 

Tol 


of the correspondin; ‘there were 3°118 of phos- 
phoric acid and 4°663 of potash. Several experiments of a similar 
nature, conducted by my pupils, yielded results. It has 
already that the ‘secretion from a wound does not 
long retain the character of a fresh exudation, but that it soon 
exhibits morphological ‘and 
‘even eytoid corpuscles, when the edges of the wound do not 
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more necessary than phosphates and potash-salts to render an 
exudation traly plastic. 

Without entering further into the consideration of the inci- 
dental morphological constituents of pus, we will at once proceed 
to its cytoid corpuscles. On micro-chemical investigation they 
Present the following reactions. (F. P. 11, F. 3 and 4). 

If fresh pus be very much diluted with distilled water, the 
corpuscles are seen to swell and become very pale; the granular 
character of their surfaces either wholly disappears or true granules 
become detached therefrom. ‘The interior of the corpuscles occa 

ie cleus, but more frequently only an 

uct outlines, whilst in 
addition to this, the corpuscles also exhibit in their interior fine 
grancles, which are in a state of active molecular motion. Henle 
has especially called attention to the circumstance that, on the 
addition of water, some of the pus-corpuscles burst, and allow 
their viscid contents to escape, which then become dissolved in 
the dilute serum. ‘The corpuscles then appear collapsed, are much 
darker, and still contain nuclei. The action of the water is best 
observed in the oytoid corpuscles of the buccal mucous membrane; 
the lenticular nucleus, which may be here very readily recognised, 
in generally simple, that is to say, not cleft, and is then situated s0 
close to the investing membrane of the corpuscle that it frequently 
appears as if it were attached to this membrane on the outside of 
the cell. This nucleus is brought more prominently into view on 
the addition of water, which does not cause it to split. 

‘Strong alcohol causes the serum of the pus to coagulate, and 
hence renders » microscopical examination of the corpuscle una- 
vailing. But when spirit containing 23§ of alcohol is employed, 
which induces no turbidity of the pus-serum, the corpuscles 
appear distorted, somewhat clongated, and, as it were, caudate or 
pointed. 

In ether, free from alcohol, the corpuscles are also distorted. 

‘When fresh pus is treated with very dilute mineral acids, as 
hydrochloric acid (1 part. in 2,800 parts of water), nitric acid (1 
part of anhydrous acid in 2,000 parts of water), phosphoric acid 
(1 part in 1,500 parts), or tolerably dilute organic acids, as acetic, 
lactic, oxalic, tartaric, racemic, or citric acids, no coagulation takes 
place, but the pus-corpuscles swell to so great a degree that they 
frequently attain double their original size. ‘The granular appear- 
‘ance, which may very probably have been owing to plaits in the 
capsule, disappears; the latter, which appears to be extremely 












act in the concentrated state in much the same way as when 
diluted, causing the variously cleft nuclei to appear perfectly 


which is probably to be referred solely to endosmotic action ; the 
fluid contents are discharged into the serum; the capsule then 
‘becomes plicated, and consequently assumes a granular appearance, 
which prevents the nucleus from being seen, although it may pre- 
‘viously have been visible, 

Solutions of alkaline carbonates or borates also contract and 
distort the corpuscles; their prolonged action produces the same 
results as caustic alkalies, for without having previously rendered 
the nucleus visible, they gradually dissolve the corpuscles, leaving 
‘only some few granules, which are held together by a tough hyaline 
‘substance. 


1f pus, in which the nuclei of the corpuscles have been rendered 
visible by dilute acids, be treated with solutions of neutral alkaline 
salts, the previously distended capsule contracts, and the nucleus 
becomes invisible, whilst the whole corpuscle is much distorted. 


separate constituents of the cytoid 
‘accessible to more exact chemical inquiry. ‘This much only 
seems |, namely, that the investing membrane, 


it approximate 
If the serum of the pus and the viscid contents of the 
‘admitted of being removed, the most practicable method would 





as with 5 but this apparently 
‘of dilution with water and decantation, to the 
above ‘no difficulties at the first glance, is found 


the investing membrane. 
‘It may appear a very simple matter to isolate the subelance of 
the nuclei, bat even in this our are not 


i r some portion of 
the viscid contents always remains undissolved in the form of fine 


granules’ 
‘or only in part of fine If we treat the nuclei, which 
‘obtained from pus by digestion with acetic acid and 


too, solution of potash, we find that there ix 
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heating, a gelatinous mass almost insoluble in water. This sub- 
stance, which was formerly believed to be the matrix of the 
nucleoli, and held to be a special material allied to horny sub- 
stance (keratin), has been as yet found to present no differences 
from the strongly basic albuminates of potash, to one of which we 
have already referred in vol. i, p.883. Other protein-bodies, 
moreover, besides albumen, enter into similar gelatinous com- 
binations with potash, and, like them, do not very readily dissolve 
in water. A great number of the substances which have been 
pronounced to be deratin, are nothing more than compounds of 
strongly alkaline bases with protein-bodies. 

In the experiments on pus made by Messerachmidt and myself, 
to which I have already referred, we were lead from certain re- 
actions to the erroneous conclusion, that we had been able to 
distinguish several varieties of fibrin in the capsule, nuclei, and 
nucleoli, an error which, unfortunately, met with more general 
approval than it deserved, considering the state of science at the 
time. We believe that we have now shown that there are not 
sufficient grounds for regarding any constituents of the pus-corpus- 
cles as identical with fibrin, and we need scarcely repeat the remark 
we have s0 often made, that it is injurious to the cause of science 
to attempt to identify or name different substances without having 
had the power of closely investigating them. A deficiency in our 
knowledge is in such a case very far preferable to the mere 
accumulation of vague hypotheses, 

‘We have already shown from direct observation (vol. i, p. 252) 
that fat is accumulated in the corpuscles of the pus. 

‘We are, unfortunately, still deficient in observations which 
would enable us to judge of the quantity of salts contained in the 
pus-corpuscles when compared with the amount present in its 
serum. 

‘We now proceed to consider the constituents of the serum of 
the pus. This fluid, when we can succeed in skimming it from the 
corpuscles, which only sink very slowly, is found to be entirely 
colourless, or of a faint yellow colour, and perfectly clear it rarely 
contains fat-globules; ithas a faintly alkaline reaction, and coagu- 
lates on being heated, most frequently into flakes, but sometimes 
in the form of a dense white mass. Acetic acid occasionally ren- 
ders it strongly turbid. 

‘The albumen of the intercellular fluid of the pus does not differ 
from that of the blood; at all events, all its reactions correspond 
perfectly with those of ordinary albumen. Moreover, the quantity 
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of albumen in the serum of the pus is very variable, according to 
the source from whence it is derived ; in the four analyses which T 
‘was alone able to make, 1found from 1-2 to 3°7§ of albumen in the 


Tt presents an appearance of whitish striped Rakes or membranes 
(see vol. ii, p. 371). 

Pyin is a substance which is in like manner precipitable by 
acetic acid, although it differs from mucin as much as from casein. 
‘This substance which was first shown by Giiterbock* to be present 
in pus, is not of constant occurrence; it is certainly absent from 
the pus of wounds in healthy persons. Giiterbock obtained it 
frm piny congiltig the Ite sok a area 

the residue 


have been led to expect from the assertions of most writers. A 
‘mistake may, therefore, easily occur even when the absence of 


Sus orratics be Boved au vied tal toes gue a A 
‘substance, and supposed to be pyin, consists in fact of very various 
substances with the most different composition. Many persons 
have considered pyin to be an oxide of protein, indeed, as Mulder’s: 


that the reactions of pyin do not correspond better with this 
‘than Scherer’s 


* De! natura et formatione; diss, ‘Berol, 1837. 
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tissue, or a product of fibrin entering into a state of suppuration 
but these conjectures have not hitherto been confirmed by the 
Positions in whith this substance occurs, so far as they have yet 
been accurately observed, or by its chemical reactions. 

‘Scherer has submitted to elementary analysis several specimens 
of pyin obtained from different exudations, and has found that 
their composition was almost precisely the same as that of protein 
however, he also found other constituents of the exudations which 
appeared very similar to pyin, but differed very much from it in 
composition, being especially remarkable for their abundance of 
nitrogen (= 22'378). 

Casein does not occar in normal pus, and its présence has not 
been proved with certainty even in abnormal forms of the secre- 
\-bodies and 
mediate derivatives is nowhere more forcibly shown than 
in the investigation of pathological products. 

‘The quantity of fat in pus, the occurrence of which has been 
regarded as highly characteristic, differs extremely according to 
the source from whence it is derived; although, when compared 
with the amount contained in many other fluids, itis rather large. 
It is very considerable, and is always present in all abscesses of the 
‘mamma; cancer of the breast, however, always exhibits a larger 
amount of fat than any other carcinomatous growth. In ordinary 
pus the quantity of fat varies, according to our observations, which 
agree with those of Giiterbock, Valentin,* and von Bibra,t from 
2 to 68. The different fats seem to consist of olein and margarin, 
alkaline oleates and margarates, and variable quantities of chol 
terin. We cannot entirely admit the correctness of Sit 
view, who held that the fat-globules which appear on the addition 
‘of acetic acid to pus, consist principally of liberated fat derived 
from the corpuscles, since it may also be dependent on the decom- 
‘position of the soape dissolved in the pus-serum ; and, indeed, fat- 
globules are often perceived in pus-serum after it has been treated 
for some time with acetic acid, which were previously not to be 
perceived. Pus occasionally contains a tolerably large amount of 
cholesterin, and Valentin found as much as 1§ of this substance in 
pus which had been taken from an abscess in the thigh. Ona 
careful examination of the masses of fat extracted with hot alcohol 
and ether from the residue of the pus, a little fat containing phos- 
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phorus may always be detected in the residue which is insoluble 
cold ether, 


Normal pus generally contains from 14 to 168. of solid con- 
‘stituents, ‘The purulent exudations which occur in serous cavities 
and bad ichorous pus, often contain a smaller amount of solid 
constitutents. ‘These solid matters contain from 5 to 63 of mineral 
‘or inorganic substances in the pus of healthy persons, whilst the 
amount may rise to 10 or even 149 in bad pus and in watery 
transudations, ‘The ratio of the insolable to the soluble salts in 
healthy pus varies from 1:7 to 1:9, whilst in bad pus it 
often = 1:15 oF even 23. It follows from these 
that in bad pus a greater or smaller quantity of simple transudation 
must have become mixed with the true plasma of the pus, 

The intl als of pax ar thowe whic cll acompany 
Sov pili bolle inacly, ok phorpiatsdof ie aelieeagaaie 
in addition to which there is always a variable amount of care 
Donate and sulphate of lime generated by the process of incinera~ 
tion. ‘There is, moreover, always some oxide of iron to be detected 
inthe ash of pus, even when no trace of blood-corpuscles ix to be 
discovered in the fresh fluid. 

Chioride of sodium constitutes the principal part of the soluble 
salts of pus. H. Nasse long since drew attention to the fact that 
the serum of the pus and its solid residue contained three times more 
of this substance than the blood-serum and its solid residues and 
even when the quantity of the chloride of sodium of the whole pus 
is compared with that of the blood-serum, the formers always found 


corpucles, shows that here, as well as in the blood, the larger pro- 
Portion of this salt is dissolved in the intercellular fluid, and that 


uid of the blood. The experiments made on the pus 
of rabbits did not lead to any more definite results. 
I succeeded Ly the sume methods which I employed in the 
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case of the blood and the transudstions, to show the presence of 
olkaline carbonates and free carbonic acid in the pus. 

In the pus, as in elmost all other exudations, we meet with 
bile-pigment, the biliary acids, wrea, and sugar, os incidental 
constituents, 

Glycocholate and taurocholate of soda were found by one of 
my pupils in pus from a large abscess in the thigh of a patient 
with catarrhal icteras; another pupil found sugar in the purulent 
discharge yielded by the blistered surface of a patient with 
diabetes. 


‘We may conclude with the supplementary remark, that mor- 
phological elements which do not, strictly speaking, pertain to pus, 
are sometimes found in it; amongst these we must reckon the 
fibrinous coagula which are often met with in suppurative exuda- 
tions when they liquify into pus (pneumonic sputa). In the pus 
of old abscesses, and in the ichorons discharge from ulcers, we 
very often find crystals of phosphate of magnesia and ammonia, 
not unfrequently vibriones, and sometimes microscopical fungi and 
conferves, 

Acid pus is probably of very rare occurrence in the snimal 
‘body; when pus has continued stagnant for a considerable time in 
the cavity of an abscess (in what are termed cold or congestive 
abscesses), it very generally undergoes alkaline fermentation ; it then 
contains some carbonate of ammonia and triple phosphate, besides 
a large amount of sulphide of ammonium. I have only found the 
purulent exndations present in some few cases in empyema, 
Phthisical patients sometimes expectorate sputa having an acid 
reaction, although no acid substance had come in contact with the 
expectorated matters, either whilst they were possing through the 
mouth or after they were thrown up. The rare occurrence of acid 
pus is the more remarkable, os it very rapidly turns sour on being 
left in imperfectly closed vessels. When healthy pus is suffered 
to remain for several days in a corked bottle containing a certain 
amount of air, and exposed to a summer temperature, we find on 
examining it under the microscope, that the corpuscles have 
awelled and become more transparent, whilst the fissured nuclei 
are also speedily brought more distinctly into view; after a longer 
time the reaction is decidedly acid; numerous isolated nuclei 
without a trace of cell-walls, and some few perfect corpuscles, are 
seen under the microscope, and interspersed amongst. the cor- 
puscles and the nuclei are innumerable molecular granules, whilst 
here and there we may detect tablets of cholesterin and a confused 
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‘mass of threads of margarin. After pus has continued. standing 
for several months, the different fats appear in the most beautiful 
forms, such as no artificial means are able to produce. Even 
with the naked eye we may detect white granules here and there 
inthe pus; these granules consist partly of a confused mass of 
fine threads of margarin, but chiefly of ensiform, lily-leaf-shaped, 
variously contorted and intersecting bundles of crystals of margaric 
acid, in which are embedded separate groups of tablets of 
cholesterin, (FP. 11, F.5). 
distinctions 


chemical characters. Even the quantity of fat in the puralent fluid 
secreted by the mucous membrane in a state of inflammation, ia 
very often fully equal to that of genuine pus, a fact to which 
Giiterbock attached great diagnostic value. ‘The pus of the 


i particulars wit 
tions. Their chemical properties differ as much as their physical 
characters; many are also entirely inaccessible to chemical investi- 
gation, which would, moreover, be wholly useless, as they fre~ 
oently re nothing move thn snple products of patreaetiony 

and the detritus of the dead (gangrenous) tissue. 
In like manner we cannot ascribe the acid reaction, which is 
more frequently observed in these than in other exudations, to an 
process nor do the seanty chemical investigations 


the present work, since they ean only be considered from a purely 
anatomical point. 
Tass obasorigol oem lad tthe Sooo 
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of the metamorphoses which the blood undergoes when it stag- 
nates in vessels which have become occluded (in thrombus), or is 
effased in individual tissues (as in extravasions and apoplectic 
centres). Many of the most distinguished inquirers have made 
this question the subject of the moat careful investi: 
morphological metamorphoses which occur in such sanguineous 
extravasations have been observed under the microscope, from 
their earliest origin to their persistent condition at a certain stage 
Of development, or to their final disappearance; yet, notwith- 
standing all these researches, many of the points already observed 
remain obscure and wholly inexplicable, the different opinions of 
inguirers being here more entirely at variance with one another 
than in any other department in the history of development. ‘The 
chemical history of these exudations is still more deficient, for 
here we have actually no observations. Histologists have en- 
deavoured by the aid of certain micro-chemical means to throw 
‘some light on this obscure subject; but these attempts have either 
been of no avail whatever, or have yielded very doubtful results, 
—an apparently similar structure behaving differently in different 
‘cases under the same reagents. A similar remark may be made in 
reference to the development of pathological exudations into those 
‘sbnormal cellular masses which especially characterise cancerous 
‘structures, or into those fibrous tissues which we meet with in 
fibroid tumours. Many young physicists, despairing of the possi- 
bility of explaining these matters, and the processes on which they 
depend, by chemical means, have probably shared with us in the 
sanguine expectation that histology, which had already thrown 
80 much light on the development of normal tissues, would aid 
our chemical researches; but in these expectations we have 
demanded more than chemistry is able to accomplish, whilst we 
hhave also probably underrated the extreme diversity of these 
highly complicated vital processes. 
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Avren having traversed the extensive domain of the organic 
‘substrata, which serve as the solid basis of the zoo-vital processes, 
and endeavoured, in accordance with the principles of an enlight- 
ened physical inquiry, to form a correct estimate of the chemical 
and physiological value of the numerous members of those groups 
of atoms which serve the animal body both as materials for its 
structure, and as the means by which its movements are effected, 
we at length approach the special aim of our inquiries, namely, 
the study of the phenomena manifested during life in those parts 
of the animal organism which we have been considering, and the 
elucidation of the internal connection existing between such 
diversified phenomena and the causes on which they depend. 
‘We drew attention in the introduction to the present work (see 
vol. i, p. 13) to the maxims and principles which ought to guide 
tus in our attempt to unravel the hidden processes of material life; 
‘we will not, therefore, enlarge upon our previous remarks, or 
cexpatiate any further upon a subject which has been treated with 
20 much more ability by other writers, as, for instance, by Lotze* 
and John Stuart Millt Yet, when we take a survey of the col- 
lective mass of positive facts, we find a mere accumulation of 
disjointed fragments, the natural connection of which we are rarely 
able to discover, since we often lack the intervening links by 
which alone we should be enabled to follow the endless chain of 
vital phenomena. A careful study of the material substrata of 
‘animal life, as far as the present condition of science admits of 
such an investigation, cannot fail to show us how far removed we 
still are from obtaining a scientific basis for a true inductive 
treatment of the material processes of life; and, indeed, it would 
almost seem to require the marvellous powers of combination of & 
© Allgem, Physiologic des kérperlichen Lebens, Leipz. 1851. 
CA Sytem of Lagann and inure, Landen, 160. 
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Licbig to collect together and combine into a connected whole the 
‘scattered threads which constitute the materials for the study of 
the m of animal matter. 

areca rng bs vnc teroaiycin of ths Choate 
‘cesses in the animal or vegetable organism, we usually begin by 
considering such questions as—whether the masses acted upon by 
different forces in vital phenomena differ essentially from those in 
which we have studied mechanical or physical forces ?—whether 
all those differences which force themselves upon our notice in no 
small number and in a very decisive manner, on comparing 
ic, and organised with crystallised or 





; 


Sines for as we have elven abeerved in oar rit ntice of itn 
the introduction to the theory of the Animal Substrata, it has 
been finally set at rest by pure chemistry. ‘The belief which our 
cherished of an actual principle of vitality has passed 
away with them, and to attempt to attach even a semblance of 
reality to this exploded notion of a bygone period would be at 
‘once to condemn the most brilliant discoveries of the last few 
years, and indeed the whole labours of half a century, as the mani- 
festations of mere delusive chimeras. 
But whilst pure chemistry has shown us that the laws.which 


theory of the animal substrata, juices, and tissues, affords a proof 

that the quality of the different particles of matter which serve as 

points of application for the active forces which exist in the 

Animal body, inraiably corresponds tothe funetions required for 
the performance of the 
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‘ascertain the inner connection of their reciprocal effects, that 
spss rub of il phonemes seo i the Sled atten 
‘of dependence to well-known, so-called physical laws, or more 


extent, refer the specific character which is impressed upon vital 
phenomena, 
of the internal association of phenomena, or the connection of the 


hhas given rise to the peculiar results manifested. We must not, how- 
ever, regard the various interruptions which present themselves to 
our notice in the consideration of vital processes us a proof of the 
development of forces pertaining exclusively to life. 

Molecular forces themselves, and the manifold complications 
which they undergo in accordance with different circumstances nnd 
relations of mass, are not yet sufficiently elucidated to enable us 
to trace the causal connection of all the phenomena to which 
they give rise even in the inorganic world. 

‘How numerous are the actions of affinity which we have 
hitherto failed in referring to any general rules, or even to the 
leading principles of chemistry! We do not even know whether 
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organism. Even now a Graham is devoting his energies to the 
elucidation of the numerous effects of diffusion, and we scarcely 
yet possess any solid basis for our views of the phenomena which 
are termed endosmotic. Yet, notwithstanding this great deficiency 
in our knowledge, the few certain conclusions which we have drawn 
from our experiments on diffusion and endosmosis have already 
largely augmented our knowledge of many of the processes in 
animal life. Our insight into the movements of matter is daily 
being enlarged by numerous contributions from able physicists, 
who have elucidated many points which had previously been 
enveloped in obscurity, and which, without such elucidation, might 
with equal propriety have been referred to either a vital or to any 
physical force. Such labours are daily supplying us with the 
compass and the quadrants by which we may safely steer our 
course across the vast sea of vital phenomena, and learn the 
position and reciprocal bearing of each individual point. It will 
be better, therefore, to wait patiently for the advent of the new 
discoveries promised to us by these researches, instead of selecti 
as our guide the mysterious vital force which does not even 
interpret to our own satisfaction the phenomena we desire to 
elucidate, but merely plunges us lower into those conflicting depths 
‘of physical inquiry in which so many bold adventurers have 
been already lost. In plain words, it would be far more conducive 
to the advancement of science, were we to direct our efforts to the 
task of referring vital phenomena to mechanical conditions, instead 
of resigning ourselves to the fiction of a general principle, which 
will never satisfy that natural striving of the human mind which 
‘seeks to embrace all phenomena in one ideal connection. 

‘The living body itself is not the place where we should seek to 
investigate the forces by which the movements of animal matter 
are controlled, and it is only when examined externally to the 
organism that we can make them subservient to the elucidation 
of the phenomena of life. This is the course which has been 
pursued by physiologists of recent times, to whose researches we 
‘owe a very considerable number of the most interesting conclu- 
sions regarding molecular motions. When the scalpel of the 
anatomist has brought to view the delicate structure of all organic 

s, and the mode of arrangement and the mutual relations 
of different phenomena have been studied, the physiologist endea~ 
‘vours to trace the causal connection of facts to definite laws, and 
seeks to refer the course of phenomena to other forces besides 
those which appertain exclusively to the internal mechanism of 
the body. Whilst in former times physical laws were often not 
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sufficiently taken into consideration in the explanation of vital 


might, Tight generations in. 

their advance on the paths of physical inguiry. But it was for- 
gotten that there are very many phenomena in inanimate nature 
which must be explained by physical laws, and that we have very 


3 a 
are opposed to all the ordinary laws of affinity, whilst the theore- 
tical deficiencies of our highly vaunted science of chemistry have 
not been thoroughly admitted, notwithstanding the want of success 


to calculate their results by simple formula, 

When we consider the deficient state of our knowledge of 
many physical laws, and the varying circumstances by which their 
results are modified, we can hardly suppose that all the pheno 
‘mena of animal matter ean at present be referred to mechanical 
conditions, and we shall be compelled to admit that there are no 
pounds on whieh we ean establih any exelasve-lel pia 
by which the phenomena of life can be explained 
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over its surface; we know that for 
thousands of years an exuberant | our globe, 


‘were created, and thes iment a Marae Bot here the 
physical sciences lead us to a boundary, which we distinctly re- 
cognise as such, and know that we can never pass, without leaving 
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originated, or what regulated the first creation of ova and 
yet, notwithstanding this, we are as well able to 
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jn it the awe necewary to efet ts development, and to control 
its farther elaboration and assimilation, it ceased to interfere with 
tho laws it had established; it gave to the living organism no 


of nature is the ‘of the course of all 
phenomena, Since, therefore, conformity to law has been im= 
planted in bodies, we may hope, although perhaps at a 
later period, to examine the laws of organic nature as accurately 
as previous in elucidating the physical laws 
‘of comical phi 2 
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meet with phenomena which we cannot deduce from known 
chemical principles, and which indeed seem to be in direct oppo- 
sition to them, we must not at once conclude that the laws of 
affinity are partially or wholly inefficient in these cases; nor 
should we suppose that there is any marvellous intervention of 
‘some force acting with a definite purpose. The chemical force is 
not destroyed, but the external relations, which control its activity, 
are altered. Force is obviously nothing more than the expression 
of the cause of natural laws; if, therefore, facts do not accord with 
our laws, we must either have formed a misconception of the ideas 
of these laws, or, at all events, we must have imperfectly investi 
gated the different circumstances under which they were exhibited, 
‘The result of forces (which, in a physical sense, ia only a short ex- 
pression for the laws) must necessarily be different under different 
conditions. ‘. 

Albinus* took no superficial view of the organic activity in 
nature when he established the axiom that the essence of vital force 
consisted in motion. Even if this expression be far too general 
for organic action, it cannot be denied that we assume life to exist 
wherever we perceive a constant alternation of phenomena and 
incessant changes, induced by the constant motion of the molecules 
‘of the organised body, as well as of the organs themselves, 
Although Albinus overlooked the fact that, on the one hand, some- 
thing more than this is necessary to vital action, (as we here for 
the most part consider the grounds and object of motion, often 
without comprehending its primary origin,) and that, on the other 
hand, we recognise a perpetual movement in the heavenly bodies 
without assuming that they are on that account possessed of life, 
this proposition is to a certain degree correct, when we limit it to 
the substrata of vital manifestations—to organic motion; for we 
find that wherever matter is endowed with life, its chemical 
molecules are endowed with incessant motion. 

‘Metamorphoses are continually developed in the material sub- 
strata of the living body. Physical forces always strive to mait 
tain themselves in equilibrium; the matter set in motion by them 
finds, or, at all events, may find, its centre of gravity—its point of 
rest. Physical furces continue to act upon matter after it has 
attained its position of equilibrium, for it is only by opposite 
actions that the equilibrium exists. A body which is moved by 
physical laws appears always to tend only towards a state of rest ; 
inorganic chemistry continues active, and induces motion and 
metamorphosis until the closest affinities are satisfied. 

* De natard hominis, p, 38, 














Tf we may be permitted to bring prominently forward some 
few causes from the sum of the conditions under which physical 


affinity, We need only refer to the solution of fibrin in nitre- 
water, to the decomposition of alcohol by caustic alkalies, to 
the formation of numerous compound ethers (Liebig*), and more 
‘especially to the processes of fermentation and putrefaction. In 
the meanwhile, notwithstanding the occasional constancy of all 
these chemical motions, they differ in a very marked manner 
from organico-che 


tendency to equilibrium; in these decompositions there are always 


combinations, 
follows. We perceive no tendency of this kind towards equilibrium 
in chemico-vital motion ; for here one motion is produced only in 
‘order to call forth some other motion, the object of the metamor- 
phosis being merely to effect a new cliange. The molecular motion 
itself is thus maintained by motion, and gives occasion to new 
motion s a substance undergoing metamorphosis gives origin to 
new substance, which in its tum becomes the source of new 


* Ann. d.Ch. Pharm. Da, 65, 8.200, 
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view as an incessant movement of molecules and molecular aggre- 


time, it will no longer excite our surprise that the chemist has 
hitherto been unable to trace physiologico-chemical processes in 
‘their various directions, to detect from amid a seeming chaos all 
the substrata which concur in effecting such a process, and to 


determine 
chemist flatter himself that he can at once, in the midst of the 


maintain the same unstable equilibrium, ar to separate the indi- 
vidual parts of this chemico-vital mechanism, As we are not able 
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with in the organism were regarded as beyond the limits of vital 
force. Assimilation and reproduction, like growth, were regarded 
as inexplicable, according to physical laws. But although many 
individual points may defy all attempts at explanation, we cannot 
doubt that these phenomena must be susceptible of a general 
explanation ; for if we limit ourselves to the known phenomena of 
motion, we shall find that there is not any indispensable necessity 
to assume that this kind of molecular motion requires the control 
of any such agent as vital force. 

‘We meet with very many cases in which several bodies seem 
to induce in other bodies an action similar in force to the one they 
exhibit, although there is no appearance of a relation of affinity 
between the products of decomposition and those bodies which 
are still undecomposed. Organic chemistry is rich in cases of 
this kind, and similar instances are not wanting in inorganic 
chemistry ; the most frequent and striking of these occur in the 
processes of fermentation ; for we here find that a small quantity 
of a substance undergoing a definite metamorphosis, can induce a 
special form of decomposition or metamorphosis in an infinite 
quantity of some other substance. As the slightest contact with 
any individual point of matter in the molecules of iodide of mer- 
cury, arsenious acid, metallic iron, or fulminate of mercury, and in 
a hundred other similar substances, gives rise to an endless series 
of definite motions ; so the smallest amount of a putrifying body 
is able to impart to the chemical molecules a definite motion, 
which is propagated in an uninterrupted sequence from atom to 
‘atom, and may thus call into existence new forms and new 
qualities, All these phenomena, which were formerly referred to 
a specific catalytic force, not amenable to any law, and which were 
first referred by Liebig to their true physical relations of causality, 
indicate the point of view from which we ought in a physical 
Tight to examine many of those vital phenomena which at an 
earlier period were ascribed solely to the vie vitalis, 

‘The primary origin of all vital phenomena is as unfathomsble 
a mystery as the first impulse by which suns with their planets 
and satellites were impelled in their orbits ; but if we direct our 
attention to the motion once imparted to organic molecules, we 
shall be able to trace the co-operation of the laws of the impulse or 
propagation of motion in the development, growth, reproduction, 
and secretion observable in organised bodies. From our experience 
‘on these points we shall frequently see how it is possible that sub- 
‘stances which appear in all chemical points to be opposed to one 
another, may present similarities. ‘The germ in the egg and inte. 
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sced is surrounded by substances whose molecular arrangement 
may be disturbed by a slight impulse, and made to undergo 
‘metamorphosis. By a slight transposition of its atoms, or by the 
elimination or absorption of water, the starch of the cotyledons is 
‘very readily converted into bodies hearing very little 
to itself, but most extensively diffused through the vegetable king- 
dom, as, for instance, into gum, mucilaginous matter, cane and 
grape sugar, cellulose, &e. The white of egg is in like manner 
eapuble of undergoing the most various alterations without losing: 
‘the most essential atoms of its constituents; albumen, the first 
sas saat important of anal cbutoss, bo 9 pits Eleni 
its metamorphoses, assuming the most singular forms both in 
animal and vegetable bodies; yet we everywhere meet with the 
same groups of atoms, although the molecular arrangement is 
Sousa Sogn in oer to Saves hes with Stereo 
and even chemical qualities; and thus chemistry has hitherto failed 
in tracing the molecular motions of albumen in all its forms. 
Nature has surrounded the germ with variable substances such as 
these, whose molecular structure has so unstable a centre of 
gravity that whenever the slightest motion occurs in it, it readily 
extends to the other molecular masses; nature has, therefore, 
surrounded the mysterious source of life with substances which 
readily admit of being drawn into its current. Are we to believe 
Sha rk Sore rene othe gorinnting soo fo the pasa 
fabricating sugar from starch? or that the impulse of chemico- 
‘Vital motion is propagated to the oscillating molecules, because we 
can communicate such an impulse to starch within a digesting flask 
as to change the grouping of the molecules, and alter the direction 
of their centre of gravity? Tie iter ven, Maar aa 
nishes some explanation of these processes, and is supported by 
numerous analogies, whilst the former is a mere ideal mystification 
of a simple fact obvious to the unaided senses. It would appear 
as if all the starch and all the albumen were drawn into the move 


force to increase its own mass by in ‘molecalar 
‘parts having a more stable centre of gravity. It is now only that 
the quantity of chemico-vital motion seems to 
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renewed motion ; as, for instance, a single atom of oxalic acid is 
able to convert a hundred and more atoms of oxamide into oxalate 
of ammonia, or as a single vesicle of air can produce fermentation 
in infinite quantities of vegetable juice, or as the avalanche which 
increases in mass as well as in velocity as it rushes down the snow- 
covered declivity of the mountain side. This kind of vital motion 
in at least not at variance with physical laws, whilst it presents 
analogies with purely mechanical motions. It is these analogies 
which the investigator of nature must endeavour to detect in vital 
motion, in order to deduce from the known factors the still unknown. 
coefficients of this motion. ‘The vital law cannot be discovered. 
and elucidated until the chemical and physical laws by which these 
motions are regulated have been thoroughly investigated and dis- 
tinetly recognised. 

It appears strange, and scarcely reconcilable with physical 
laws, that the molecular motions in the living organism should so 
rarely deviate from their prescribed course, notwithstanding the 
innumerable causes which are constantly threatening to disturb 
them. Organic vital motion is neither straight nor uniform all 
ita manifestations exhibit an oscillating character, appearing inv 
riably to incline first in one and then in another direction, although 
‘some compensating property seems to prevent excess beyond a 
certain limit. As the influence of heat is compensated in the 
animal body by the increased evaporation of the fluids, like the 
action of the same agent on the compensation-pendulum ; 80 also 
in organic motion, notwithstanding its extreme fluctuations, regu- 
larity is maintained by some one predominant force being spon- 
taneously arrested, and by the simultaneous action of different 
particles in motion, which neutralise on the one side what might 
from the other side give rise to a disturbance in the regularity of 
the organic motion. ‘The existence of this compensating capacity in 
organic motion meets with the fullest confirmation in its abnormal 
cr pathological phenomens, which have consequently been regarded 
as affording the most convincing proofs of the reality of a wise and 
provident vital principle, 

Although the dogma of the vital force cannot be wholly passed. 
by in a text-book of physiological chemistry, we should not have 
‘treated it with the completeness with which we formerly* con- 
sidered it, if there were not some cause of apprehension that there 
might occur a reaction in reference to this question, and that vital 
force, even if it did not regain its former position, might yet obtain 

* In the fist part of the original edition. 
Vou. Ut. x 
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‘a recognition injurious to scientific inquiry. ‘The imperieot expe 
iments which have been made with a view of deducing certain 
‘phenomena in the living organism from some simple physical law, 
‘or bringing them into harmony with some ordinary experimental 


bbably done more to support the belief in a vital force, than the fact 
that we have as yet no prospect of being able to refer the forma- 
tion of cells and tissues, and the suitable conformation of all the 
Individual party of the animal organism to dente physical and 
chemical laws. 


Ontotw or Onoantc Marren 1 tHe Veortance Kinonos. 
Brronx we proceed with our general review of 200-che- 


matter, the first indications of the formation of organic matter 


depend have not, however, been examined with sufficient exactness 
to admit of our representing the formation of organic matter by 
simple formule, based upon direct. observations. Whilst _an 
‘opinion prevailed in earlier times that plants, like animals, required 
for their well-being to appropriate to themsclves at least. some 
definite, but not inconsiderable, amount of organic matter in the 
form of humus, Ingenhouss held the opinion that plants derive 
‘their nutriment solely from inorganic nature; and this view bas 
‘been most ably defended by Licbig, who has shown that the 
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vegetable kingdom collectively, or at any rate the great majority of 
vegetable substances, is nourished solely by carbonic acid, water, 
and ammonia, and that, consequently, all organic bodies in the 
vegetable kingdom are generated solely from these three inorganic 
substances. 

Priestley and Sennebier first made the observation that the 
leaves of plants, when exposed to solar light, absorb carbonic acid 
and in ite place exhale oxygen. The admirable experiments of 
‘Saussure, and the later researches of Grischow, Boussingault, and 
others, have elucidated many points connected with this subject. 
‘We now know that it is not only direct solar light, but also ordinary 
refracted light, that produces this phenomena, which depends not 
upon the heating or the chemical rays of the spectrum, but mainly 
upon its yellow and green rays (Draper), and that, moreover, the 
green parts of the plant alone possess the faculty of exhaling 
oxygen after absorbing carbonic acid. Plants only exhale oxygen 
after the absorption of carbonic acid, which is probably taken up 
through the roots from water or through the leaves from the air. 
Boussingault has especially drawn attention to the extraordinary 
rapidity with which the leaves abstract carbonic acid from the air. 
‘The quantity of oxygen that is exhaled corresponds very nearly 
with the amount of carbonic acid which has been absorbed. ‘These 
experiments were not, however, conducted with the exactness 
necessary to warrant us in drawing definite conclusions ; for while 
the volume of exhaled air was perfectly equal to that of the absorbed 
air, there was always found in the exhaled air a small quantity 
of nitrogen, the source of which could not be clearly ascertained, 
‘The experiments appear, at all events, to prove that there is always 
rather less oxygen developed than is contained in the carbonic 
acid, and consequently, that the entire volume of the oxygen is 
not returned to the air from the carbonic acid. Although a portion 
of this gas may pass into those organs of plants which absorb 
‘oxygen, although they are not green, certain chemical and other 
grounds render it more probable thata large amount of the exhaled 
oxygen may be derived from water, and that the carbonic acid 
cannot therefore be decomposed at once into carbon and oxygen. 
Tt would also appear, from the experiments of Saussure and others, 
that the amount of exhaled oxygen does not depend upon the 
mass s0 much as upon the extent of surface of the green parts of 
plants. 

‘The undoubted fact that plants reverse this process during the 
night, by developing carbonic acid after they have absorbed oxygen, 

avy 
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as is done during the day by those parts of a plants which are not 
‘led many physiologists to 


experiment 
of the earbon absorbed by the plants during this process could not 
tbe derived from the carbonic acid. It was believed that there 
‘must be some trath in the popular notion that the humus, that 
is to say, the decaying remains of vegetable and animal matter, 
Seems Gh lenges as highly rboraeocomisbent etiam 
‘at least in respect to this one-twentieth. Although it cannot be 
denied that a certain number of plants, amongst which we may 


‘which may injure their vital activity, and that all terrestrial as 
lacs yerta ence plana pe pen 
carbonic acid, which, according to Liebigs+ isnot assimilated 


‘considers the oxygen to be a purely 
chemical process, and shows that the variations in the quantity of 
* Die Chemie in ihrer Anwendung auf oo 
‘translation, 


re, sl 8,240 629 Cor Latin 
aes 1, 620 [or Letters ou Chemistry, St edition, 
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the oxygen that is absorbed are entirely dependent on the chemical 
constituents of the leaves. Thus, for instance, leaves which are 
proportionally rich in substances poor in oxygen, as for example, 
resinous ethereal oils, which even in their isolated state readily 
become more highly oxidised when exposed to the action of the 
air, are also found to absorb a relatively larger quantity of oxygen 
in the dark. 

A complete process of acidification during the night, as the 
effect of oxidation, is occasionally met with in the leaves of certain 
plants, as, for instance, the Cacalia ficoides, Cotyledon calycina, and 
others, which, after being tasteless at noon, have a bitter taste in 
the evening, but are sharply acid in the morning. 

Pelouze has shown that tannic acid is converted into gallic and 
carbonic acids by the absorption of 8 atoms of oxygen (Cig Hg Oig 
+80=4C0,+2C,H,0,. HO). We cannot wonder at the 
fact observed by Saussure, that the leaves of the oak, which are 80 
rich in tannic acid, should absorb 14 times their volume of oxygen. 
during 24 hours when in the dark, whilst the tasteless and scent- 
less leaves of the Agave americana can scarcely absorb 3-10ths of 
their volume in the same time. The leaves of the white poplar, 
which contain a very resinous or oxidisable oil, absorb as much as 
21 times their volume of oxygen in 24 hours. 

‘Without entering more fully into the question of the respective 
results of these two reciprocally suspended processes of the 
vegetable kingdom, we would simply observe that, notwithstanding 
the grounds on which Liebig supports his view of the purely 
chemical nature of the absorption of oxygen, this process and the 
separation of carbonic acid, appear, from numerous phyto- 
physiological experiments, to stand in a more direct relation to the 
whole life of the plant ; and that, in the vegetable kingdom, pro- 
cesses of oxidation also occur in addition to the preponderating 
processes of deoxidation, in the same manner as we find that, in 
the animal organism, where life is so thoroughly characterised 
by continuous oxidation, processes of deoxidation may yet also 
occur, as, for instance, in the formation of fat from sugar and 
amylaceous substances. This is, however, so decidedly a purely 
phyto-physiological question, that it scarcely falls within the scope 
of our inquiries. According to our view, Liebig has given the 
most striking and ingenious proofs that the vegetable kingdom 
derives its large supply of carbon from the atmosphere alone, and 
that plants alone possess the faculty of generating organic matter 
from inorganic substances. 
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“When we consider that the atmospheric air contains only 
1-1000th of its volume of carbonic acid, it might at first sight 
‘appear as if the atmosphere could not supply plants with all their 
carbon—an opinion which was once generally entertained but 


geographical mile oat 10 san If the radius of the earth 
be assumed at 860 such German miles, the volume of the atmo- 
sphere (at the pressure of an atmosphere of mean temperature) 
must be equal to 9,307,500 such eubie miles, in which, in addition 
to 1,954,578 cubic miles of oxyzen, there would be about 3,862°7 
cubic miles, or about 28 billions of ewts. of carbonic acid—a 
which must be more than sufficient for the wants of all the vege= 
tables occurring on the land or in the water of our planet. 

If, on the other hand, we consider that enormous masses of 


have experienced no sensible increase in the amount of the 
Serial al whle i totes) at sl eres shee Bas beens 
change in it during the period that has clapsed since the 
destruction of Pompeii, in the year 79 A.p. (as is proved by the 


these relations yields the same numbers which Liebig has deduced 
from a more complicated calculation. ‘Thus, for instanee, if a man 
daily consume 45,000 cubic inches of oxygen, which would 

9505-2 cubie feet for the year, 9 billions and 505,200 cubie feet of 
oxygen will be abstracted from the atmosphere by a thousand 
millions of men ; and if, farther, it be assumed that about double 





hy the processes of decomposition and combustion, it follows that 





IN THE VEGETABLE KINGDOM. 183 


all the oxygen of the atmosphere would be exhausted in 800,000 
years. This constancy in the quantities of oxygen and carbonic 
‘acid during 1800 years would therefore be wholly inexplicable, 
if we did not perceive that the growth of plants furnishes the 
means of abstracting from the atmosphere the carbonic acid 
which has been conveyed to it, whilst the discovery of inexhaustible 
deposites of carbonaceous vegetable débris furnishes one of the 
‘most striking explanations of the diminution of carbonic acid since 
the pre-adamite age. 

‘When plants are introduced into an atmosphere containing no 
oxygen, and care is taken that the oxygen which they exhale by 
daylight is absorbed by iron filings or other means, they wither 
as rapidly as they would in an atmosphere devoid of carbonic 
acid, or in the dark, where they could not decompose the carbonic 
acid. These and similar experiments certainly indicate that the 
oxygen stands in a definite relation to the whole life of the plants 
and, on this account, many of the most distinguished physiological 
botanists have held the view that oxygen gas is a true vital air to 
plants as well as to animals, with this difference only, that plants 
Possess at the same time the power of generating for themselves 
the oxygen they require (H. Mobl).* 

Liebig has shown that the humus of the fertile soil is not one 
of the humus acids of chemists, and that it cannot serve directly for 
the nourishment of plants, but that as it is formed by the decompo- 
sition of organic substances, it is only by means of the products of 
its decomposition, and by the carbonic acid which is formed from 
it, that it can supply plants with nourishment; while, on the 
other hand, the manure promotes the growth and thriving of 
plants less by the quantity of nitrogen and carbon which it con- 
tains, than by the large amount of mineral substances, which are 
equally important to the development of plants as water and 
carbonic acid. 

‘We very rarely meet with fossil roots, and the plants belonging 
to an earlier world usually appertain to genera which are distin- 
guished by the smallness of their roots; the first plants whose 
seeds were scattered over the surface of the earth found no humus 
from which they could extract nourishment, but shot luxuriantly 
forth beneath a dense atmosphere, abundantly charged with car- 
bonie acid, which yielded them copious supplies of carbon, although 
the sun’s light, which was variously refracted through the denser 














© Mandwartorb. d, Physiologic. Dd. 4, 8. 235-260 [or Henfrey's Translation 
‘of Mobl, On the Vegetable Cell. London, 1882, pp. 77-93). 
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strata of air did not fall directly upon them. ‘Thus we find even 
now that the luxuriant plants of tropical climates have very small 


away, 
sms fer ps orev Se 
absorbed for their nourishment the carbon contained in the 
mouldering vegetable débris, vegetation would soon cease, and the 
‘naked rock would be again exposed to view. In the virgin forest 
the remains of numerous generations of plants are accumulated 
‘upon one another; each layer of plants serving in its turn to 
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of hydrogen, as, for instance, the resins and fatty oils; and there 
‘occur some combinations of carburetted hydrogen which are 
entirely free from oxygen, as, for instance, the ethereal oile and 
eaoutchouc. A decomposition of water may slso be more readily 
explained from a chemical point of view, than a reduction of the 
carbonic acid; Alexander v. Humboldt has even observed a 
development of hydrogen during the vegetation of several fungi. 
‘We possess very few reliable experiments from which we can 
axcertain the relations under which plants generate organic matter 
from water and carbonic acid during their exposure to the action 
of the sun’s light. According to certain observations of Saussure, 
a plant of Vinca minor generated, under definite conditions, a 
quantity of organic matter, in which there were contained 40°87 
of carbon. In two plants of Mentha aguatica there was organic 
matter produced which contained 508 of carbon. 
‘The origin of the nitrogen in plants is a subject of far more 
difficulty ; for whilst carbonic acid and water are conveyed to 
plants from almost every direction and under all conditions, we 
‘are unable to detect the source from whence plants derive their 
nitrogen. Both Saussure and Boussingault* have shown by the 
most exact and ingenious experiments, that plants are unable to 
condense free nitrogen from the atmosphere, and to elaborate it 
into organic matter ; and they regard it. as probable that nitrogen 
passes into plants only in the form of soluble nitrogenous products 
of decomposition of organic matter, and more especially in the 
form of ammonia, Here again it is to Liebig that we are indebted 
for the discovery of the hidden sources of this important element 
of vegetable nutrition. Liebig has shown that the origin of the 
nitrogen must be referred to the direct contact of ammoniacal 
salts with plants, seeing that he found considerable quantities of 
these salts in many vegetable juices. The juice of the maple, 
the red beet, the birch, fresh tobacco-leaves, the tears of vines, 
and all blossoms and fruits, contained a certain amount of 
‘ammonia, without there being any indication that decompo: 
had set in. Exact calculations show that far more nitrogen is 
abstracted from well-cultivated fields than could have been con- 
veyed to them by manure, or any other means. It has been seen 
from experiments on the solid excrements of animals, that ordi- 
nary solid animal dung, so far from containing much nitrogen, 
‘often contains mere traces of it, and that such manure is entirely 
inadequate to yield to plants the amount of nitrogen which is 
© Ann. de Chim. et de Phys. . 67, p.6, ot T 9, p. 358, 











‘opposition. Boussingault: 
salitiaiig lace capectoured oipeere Ren a lesson 
‘quantities of ammonia present in rain-water, and of the annual 
amount of rain, that the ammonia extracted from the atmosphere 
by plants is quite sufficient to form those ni 


sufficient quantity of this substance in the atmosphere to supply 
Micmatese ‘English translation, pp. ot 
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all the plants existing on the earth’s surface with the nitrogen 
requisite for their growth and perfect development. Ammonia 
has also been found in every kind of water occurring on the sur- 
face of the soil, in sea-water as well as in running springs, and 
thas been extracted from the greatest depths of the earth; as, for 
instance, with boracic acid from Castel Nuovo, Cherchiago, and 
other volcanic districts. 

Animals, when they have ceased growing, restore to the outer 
world nearly all the nitrogen which they take up with nitrogenous 
substances, and the very exact determinations of Boussingault and 
several other inquirers show that the quantity of nitrogen given 
off from the animal organism after the termination of growth 
‘equals that which is introduced, and that the amount of nitrogen 
Present in full-grown animals varies only very slightly. Am- 
moniacal gas is given off directly during respiration; nitrogenous 
matters are also far more abundant in the fluid than the solid 
excrements, and they very readily become decomposed into 
ammoniacal combination 

‘The reason of the beneficial effects of gypsum and of burt 
clay as a manure has not hitherto been very clearly explained 
but Liebig is certainly quite correct in referring it to the property 
possessed by these substances of fixing ammonia, The gypsum 
undergoes decomposition with the carbonate of ammonia in the 
atmosphere, forming sulphate of ammonia, which does not evapo- 
rate with the same rapidity as the carbonate. It has been long 
known that alumina and oxide of iron possess the property of 
absorbing ammonia. This same property of absorbing ammonia 
is observed in the case of powdered charcoal and decaying wood, 
the former of which condenses 90 volumes, and the latter 72 
volumes of this substance, Mulder includes amongst the sub- 
stances which fix the ammonia in a rich soil, the five acids which 
he discovered in the humus, namely, ulmic, humic, geic, crenic, 
and apocrenic acids. ‘These acids, which are formed during the 
decay of animal as well as vegetable substances, decompose, 
according to Mulder’s view, the carbonate of ammonia which is 
conveyed to the soil by rain, and, having thus become soluble, are 
transferred, in the form of ammoniacal salts, to the roots of plants, 
where they are very rapidly decomposed (even in the extreme 
ends of the root-fibrils), and are converted into other bodies. 

Fresenius found, on an average, 0133 parts of ammonia in a 
million parts (by weight) of air. Now, if we adopt Marchand’s 

*"Aun. d.Ch., Pharm. Bd. 64,8. 101-100. 




















observed in July, when there were 47°63 parts in one million parts 
(by weight) of airs the smallest quantity noted was in December, 
when there were only 1°2171 parts. It would appear from the 
observations of Horsford, that the quantity of ammonia in the 


Several nitrogenous substances which we constantly meet with 
in almost all plants, and more especially in their seeds, contain a 
certain amount of sulphur, and in addition to these there are the 
highly sulphurous ethereal oils, which may be extracted by distil- 
ation with water from several species of the Crucifers. As the 
air, rain, and ordinary spring-water, contain nothing beyond the 
EGR ipiaepltbekts aes ‘must obtain the 
necessary amount of sulphur from contact with alkaline sulphates, 
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tion their mineral constituents. When we reflect that no plant 
can exist independently of certain mineral constituents, and that 
these occur only in certain definite quantities, and that some bases 
only, such as soda or potash, lime or magnesia, occur in plants,— 
and when, finally, we observe that these mineral substances are 
accumulated in very different proportions in the various organs 
of plants, and in accordance with the different periods of their 
development, although they present tolerably uniform relation 
under similar conditions and in identical organs,—we are necessarily 
led to the idea that these substances exert a definite influence 
upon the life of the whole plant, and upon the origin of its organic 
constituents from carbonic acid, water, and ammonia. 

‘The bases we have enumerated are generally found in the ash 
combined with carbonic acid, although in the living plant they 
more commonly occur in combination with organic acids, as 
neutral or acid salts. Liebig, in his notice of these substances, 
has drawn attention to two much-disputed points of discussion 
whether one base may be replaced by another in a plant, and 
whether the sum of the oxygen contained in the base is always 
fone and the same for each species of plants. Although we must 
for the present regard these propositions as questions which still 
require a more special solution, it must be admitted that within 
certain limits they would appear to derive confirmation from 
several established facts ; for although we find in the older experi- 
ments of Saussure, as well as in the more recent numerous 
analyses of vegetable ashes instituted by Emil Wolff* by Wieg- 
mann and Polstorf,+ and by Staffel! many facts which seem to be 
‘opposed to these general propositions, it must be remembered 
that even in vegetative life a number of relations present them- 
selves to our notice, whose actions on these more general laws 
cannot be wholly overlooked. It may perhaps be maintained that 
these hypotheses of Liebig’s have not been proved with sufficient 
precision ; but, on the other hand, the few points in which they 
‘admit of dispute are not of sufficient importance to warrant us in 
regarding them as wholly controverted. “We have still so imper- 
fect a knowledge of the relations existing in the nutritive process 
of vegetable organisms, that it is much less easy to establish a 
convincing refutation than to adduce a strict proof. 

In addition to alkaline carbonates, we likewise find alkaline 

fpr. Ch, Bd. 44, 8. 385-484, u. Ba. 62, 8, 37-122. 
+ Ucber die anorg. Bestandtheile d, Pfanxen. Braunschweig, 142, 
+ Amhiv. d. Pharma, 2 R, Bd. 64, 8.2647. 











growing on Mont Breve, and 1°128} in the same kind of wood 

from Mont La Salle. ‘The following is the analysis of 100 parts of 

the ash of the pine-wood of Mont Breve -— 

‘Carbonate of potash =... Na eeuesapbe bo 
lime on 4084; time » 737 

magnesia... 6775 » magnesia 1265 

‘Bum of the carbonates... 6671; Sum of the oxygen... 9007 


A hundred parts of the ash of the pine-wood from Mont 
La Salle yielded no magnesia, but gave the following result :— 


Cerhenth of pte. A tthe pte here wae 98 oe 
inne » lime 10 





‘This relation is still more strongly manifested in two analyses 
of pine-ash made on French (Allevard) and Norway pine hy Ber- 
thier, for here the difference between the soluble and insoluble 


Potash and soda i hedinchecntbtl be 
» tine 965 ” 
magnesia... 335 of 10 






Sum of tho bases... 497; Sumof the oxygen 1919 
‘The same observer found the following results in his examina 
tion of Norwegian pine:— 
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Potash Wl; in which there were 24 parts oxygen. 
Soda aaa a 
Lime : sa} 
Magn > 1 





Sumof the bases 6276 ; Sumof the oxygen 15°31 


‘We must abstract from the oxygen of the bases in the first 
analysis 0°53 parts, and from that of the second analysis 0-79 parts, 
which belong to the bases which are combined with sulphuric and 
phosphoric acids ; so that there would be 12°66 parts of oxygen for 
tthe first, and 12-42 for the second determination of oxygen. 

‘The idea that these equal quantities of oxygen indicate that 
there are equal quantities of acid to be saturated in the fresh plant, 
seems 0 obvious that its correctness might have been a priori 
suspected. At the same time, it was to be expected that 
‘this proposition would, under varying circumstances, be open to 
nnmerous exceptions, and that the direct results of the ash-analyses 
would rarely s0 accurately coincide as in the instances we have 
recorded. It is not, however, solely on account of their basic 
character that these alkalies and earths are necessary for certain 
plants; for we know, for instance, that in very many plants the 
potash at all events cannot be thoroughly replaced by soda; thus, 
for example, scarcely a trace of soda can be found in the ash of the 
horse-chesnut, even when the tree has grown in a soil in which 
this alkali abounds (E. Wolf, Staffel). ‘The salts of soda are 
indeed absorbed in such cases, like other substances which are 
‘unsuited to the nutriment of the plant, but they are then speedily 
excreted, and principally by the roots. 

‘We find in the ash of many plants, amongst others in that of 
the Cacti, that there is a much larger amount of carbonate of lime, 
and therefore a higher number for the oxygen of the bases, than 
corresponds to the true nutrient process of the plants. ‘The car- 
Donate of lime is here in part produced from the oxalate of lime, 
which is frequently deposited in the cells in a crystalline form, 
cither as dead matter or as an excretion. Carbonate of lime is 
also deposited in a similar manner in many plants. 

‘An exception to this rule, which may, however, be regarded as 
1 proof of the correctness of the main proposition, is furnished by 
Liebig’s discovery of the frequent occurrence of vegetable bases 
under relations in which the plant could not be supplied with any 
abundant amount of mineral constituents. Liebig draws attention 
to the fact that the quantities of the alkaloids found in cinchona 
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bark, opium, and the potato plant, are always large in an inverse 
‘ratio to the small amount of mineral bases which they contain. 
Hovever restricted may be the sense in which we interpret 
ee caece ea ecoptone ic Soret lear sbearoee eee 
exact examinations of ashes, as well as from the careful 
‘observations of the influence of individual salts as manures, that the 
alkaline carbonates and their phosphates are of the highest import 
ance in the different processes in the life of plants. It would carry 
us too far from the scope of our inquiries, were we to enumerate all 
the fucts relating to this subject, with which we have been long 
acquainted ; and we will therefore content ourselves with 
to some few of the results which have been obtained from E, Wolff's 
admirable investigation of the mineral constituents of the horse- 
chesnut. ‘The carbonate of lime predominates in the bark and in 
the wood, whilst the fruit and leaves contain far more carbonate of 
potash than the bark and wood. Phosphoric acid is most abundant 
in the flower-stalks and kernels, whilst sulphuric acid and silica 
predominate in the leaves. In the horse-chesnut, very simple 


‘carbonates being calculated fur 100). ‘The quantity of oxygen 
Ta 100 parte of the alltline carbonate from the aah of the bark 
amounted to 27, that from the wood and leaves to 24, that from the 
eaf-atalks and brown husks of the ripe fruits to 21, and that from. 
all the other parts of the plant which were examined to 18, which 
corresponds with the simple arithmetical progression of 9:8:7:6. 
Wolff found that the ratio between the soluble and the insoluble 
constituents was very simple in all parts; thus, for instance, it was. 
as 4:6 in the fluid circulating between the wood and the bark, and. 
‘the same in the leaves, while on the other hand it was as 3:7 in 
the newly formed wood, and as 6:4 in the leaf-stalks, while in the 
flower-stalks it was as 2:9, and in the interior of the kernels of 
the ripe fruit as 2:7. Of all the mineral substances, sulphate of 


‘same period the juice of the bark and wood contained no trace of 
sulphuric acid. The ash of the leaves was very rich in insoluble 
‘whilst that of the blossoms and fruit contained a larger 


Tt is quite unnecessary to enter more fully into the question of 
the influence exerted by the alkaline and earthy earbonates, sul- 
phates, and phosphates, upon the growth of plants as manure, for 
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‘more delicate structure of plants, and the constant occurrence of 
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the formation of organic matter within the plant. 


Licbig, or with humic acid, according to Mulder, must have passed 
through the cells of the fibrils of the roots, ‘The decomposition 
of carbonic acid can only take place within the green cells of the 
plant, for the most torn leaf may continue to exercise the function 
of absorbing carbonic acid and giving off oxyyen but when once 
its cells are crushed or otherwise destroyed, this vital process 
‘ceases. Hence we are led to conclude, that in the cell-membrane, 
or, in other words, in the morphological relations of the cell, there 
is as important an agent for this process of metamorphosis as in 
the chemical character of the cell-contents. We have already 
frequently remarked that our present knowledge of endosmosis 
and diffusion is not sufficient to lead us to the correet interpre= 
tation of vital processes. Discoveries such as Graham’s, that the 
chemical union of certain substances may be broken by simple 
diffusion, lead us to anticipate that many obscure points connected. 
with these vital processes may be elucidated, and that we may at 
length be enabled to determine with some degree of accuracy, the 
results which would be produced by bringing heterogeneous matters 
Jn contact with « cll of certain dimension, definite thickness Of 
the cell-membrane, known contents, &e, At present we are 

able to conjecture in the most general manner the mode in 
certain physical and chemical processes are effected by the ageney 
of cells. We are especially indebted to Molde for patina 
ah pee nade hoki ovations ey pom a 

bute towards the vital economy of the plant. 


‘non-nitrogenous 
and are especially characterised by containing, in addition to 
* Vers einer physiol. Chem, 8. 781-701 (or English translation, pp. 716-720]. 
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activity beyond the final generation of dextrin and similar neutral 
carbo-hy 


‘Tn addition to these substances, we find many which are widely 
distributed in the vegetable kingdom, and contain far less oxygen. 
than the carbo-hydrates; as, for instance, the oleaginous fats, wax 
‘and resins, and several which are entirely without oxygen, that is 
to say, a large number of ethereal oils, eaoutchouc, &e. When, 
‘moreover, we perceive that oxygen is given off, whilst carbonic 
acid is taken up, it would seem as if the developed oxygen were 
the combined result uf the quantities of the gas yielded by several 
‘very different substances. Several phyto-physiological fucts seem 
to invlicate that the vegetable fats and wax are ly generated 
plereptrai eth aremeprpmnraenirtetc ri 
proves that those ethereal oils, which are either deficient in oxygen 
oor entirely without that substance, can only be produced uncer 
the prolonged action of solar light. It is, therefore, not only 
not impossible, but even in some degree probable, that. a number 
of «different processes of deoxidation which extend to substances 
‘hiek hve previouly been misre or les eed. focs onyye ie 

called into activity under the influence of solar 
lighs, Do, diderenty oonsttated calls in these various 
reductions? Is it only one, or are there several matters which, 
under the influence of light, effect the elimination of oxygen from 
highly oxygenous substances? ‘These, and numerous other ques 
tions of a similar nature, force themselves upon our notice, but, 
‘unfortunately, in the present state of our knowledge, they do nut 
admit of satisfactory replies. 
In considering the processes of deoxidation, which are eon 
nected with thee life and growth of plants, we should bear in mind 
that some instances may occur in which the deoxidation is accom 
panied by a development of carbonic acid instead of a separation 
ef onsgen‘Lchig long since noted dovng the proeeation OTB 
experiments on fermentation, putrefaction, and decomposition, 
that oxygen was taken up by the organic substances during some 
of these processes of decomposition, and that then several atomic 
{Goups of earhonie acid wer liberated frm thie combination. Te 








org nic body will be less oxidised, and will therefore appear 





plausibility. 
Me sniae ahieeiall alse Eee 
once trem peiiel mith 
is simultaneously converted into wax, which is poorer in oxygen, 
‘wax being, as is well known, constantly present, together with the 
yyll,_On the other hand, microscopical observations of 
the development of cells and their contents render it very probable 
that granules of starch are gradually converted into globules of 
chlorophyll, which are rich in wax, Mulder supposes that the 
‘oxygen which is developed during the formation of wax from 
starch goes partly to the colourless chlorophyll, to convert it into 
the green variety, and that is partly given off, in a free state, to 
the surrounding atmosphere. Draper is more disposed to regard 
chlorophyll as a ferment, and he urges, as a proof of the decom= 
position of the (nitrogenous) chlorophyll, the above-mentioned 
plants always i 


i 
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‘importance of the phosphates in reference to the life of 
the plant. 

Although there may be innumerable possible modes. by which 
ammonia may be converted by the co-operation of other organic 
‘matters into albumen and vegetable glaten, we have not even the 
es i rin at oy Osi ere 
‘hypotheses. ‘The disappearance of ammonia, ns such, from a com- 
‘pound, and its complete resolution into a new non-saline body, 
‘are familiar to the chemist, who—hesides the metamorphosis of 
formate of ammonia into prussic acid and of eyanate of ammonia 
into urea—besides the formation of pigments from ammonia and 
orcine, phlorrhizine, hematoxyline, or erythrine—and besides the 
formation of alkaloids, according to Wurts or Hoffmann—would 
call to mind innumerable instances in which the ammonia more or 
Jess lost its original character and assisted in forming new and 
very complex bodies, water being at the same time produced, But 
notwithstanding this pliability of ammonia, which enables it to 


formation of x nitrogenous substance in the living vegetable 
organism. 
‘When we have seen Dumas? beautiful idea, that organic nature 


may look forward to the attainment of a more profound knowledge 
of the arrangement of organic atoms and of the internal con- 
nection of the endless number of organic bodies, through the 
brilliant discoveries of Kolbe, Hoffmann, Wartz, Laurent, and 
others, and when, finally, the ingenious experiments of Liebig on 


‘might hope to acquire a more intimate acquaintance with the 
and circumstances under which the simpler molecules 
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achieved in science during the last ten years, much yet remains to 
be done heyond what qualitative chemical experiments or even 
the most perfect theory of organic chemistry can supply; for 
notwithstanding the brilliant results attained in the science of 
phytotomy and phyto-physiology, we are still entirely deficient in 
exact experiments on the individual processes of vegetative lifey 
‘we require a more perfect method of quantitative chemical analysis 
than we now possess, and we need scarcely make further allusion 
to our ignorance of the conditions and circumstances under which 
other molecular forces besides chemical affinity influence the 
metamorphosis and formation of matter in the vegetable kingdom. 
Yet notwithstanding the distance at which the aim of our inquiries 
presents itself to our notice, we are convinced that the time will 
soon arrive when that vital force, to which many have ascribed, 
together with chemical phenomena, an active participation in 
vegetable life, will be thoroughly eliminated, and when it will be 
finally lnid aside, never again to become the subject of scientific 
consideration. 








Genera Review or tHe Mouecutar Motions in THE 
Anat Oraanrem. 


We have already (in the Grst volume) considered the material 
substrata of animal life, in as far as they can be separated hy 
chemical means from the diversified group of substances which 
combine to form animal bodies, and can be tested and accurately 
determined by chemical reagents. We also endeavoured in the 
same portion of our work to estimate the value of each separate 
substance for animal life generally, as well as for the special pur- 
poses of life, after having considered its origin and ultimate dis- 
jon in the living organism, and indicated the position which 
it is entitled by its physiological importance to occupy amid this 
great number of chemical agents. It therefore only remains for 
tus to notice in more general and more comprehensive terms the 
reciprocal actions of these individual parts during the vital activity 
of the organism, and their arrangement into system of masses, 
constantly acting upon one another and inducing definite results. 
In the second volume we turned our attention to the animal 
juices, which from their mobile and fluid nature have been 
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during 
and of the causal connection of those phenomena which seemed to. 
correspond with definite purposes in the living organism. It only 
remains, therefore, for us to take a collective and general view of 
‘the mutual relations in which the different juices stand to one 
another, the interchange of their constituents, and the depiendence 
of the changes of any one upon another, or upon all the others, 
and thus to arrive at a general conclusion regarding those pro- 
cesses known as the metamorphosis of animal matter. 

Finally, in this, the third volume, we have treated of the 
‘mechanical and chemical relations of the masses, which are con 
solidated into cells, bres, and membranes, as far as this is possible 
in the present very imperfect state of our knowledge; and in these 
structures we have recognised not merely the hollow skeleton of 
framework between the parts of which the separate currents of 
these fluid masses move and cirenlate in uninterrupted motion in 
‘order to satisfy the different requirements of life, but we have also 





organism 

‘Many might be led at frst sight to suppose that we had 
accumulated a sufficient mass of materials from all directions to 
‘enable us to gain a deeper insight into the vital phenomena of 
‘animal life, or at all events to delineate in few but characteristic 
outlines the chemistry of the animal organism; but the more 
deeply we penetrate into the obscurity of the metamorphosis of 
‘animal matter, and the more carefully we investigate the materials, 
in our hands, the more plainly do we perceive the deficiencies 
with which we have to contend, We have already frequently 
taken occasion to notice how little aid we have derived from 


logical introduction to the first volume peavaaaeanl We 
shall certainly not exceed the bounds of truth, if we maintain that 


‘matter in the animal organism, It is merely to clear ourselves 





‘a manner as the following :—*'The plant generater neutral non- 
nitrogenous bodies, such as fats, sugar, starch, and gum; decom- 
‘pores carbonic acid, water,and salts of ammonia; devefopes oxygen 5 





water, 
snc alts ofammonieburbscrygens deteopes heat and eee 
‘apparatus of oxidation, and is movable.” But nature will not 
be restricted within such narrow bounds, and in the teeming rich= 
ness of her forms and phenomena, she speedily burst the bonds with 
which the human intellect capriciously attempts to restrain her. 
‘Many of these distinctions are applicable when consiilered only 
intheir most general bearings, ‘The idea of a perpetual circulation 
in nature is most forcibly expressed in these two series. It is 
‘undoubtedly true that the organic matter which is generated in the 
‘vegetable kingdom is for the most part again destroyed in animals, 
but the idea that animals consume only protein-bodies, fats, and 
‘carbo-hydrates, and cannot also in part generate them, is an asstump~ 
tion which partly is false, and partly does not admit of proof. No 
‘one can any longer doubt that the animal body possesses the power 
of forming fat from other matters, such as protein-bodies or carbo- 
Jydtes (see vol. . 258). Te yet remains on open, question 
whether protein. 





(vol. i, p. 346). If we except the lower animals, we certainly are 
‘compelled to deny that the animal organism possesses the property. 
of Sorting etath wed calluses bot eogar and destrin are cope 

ly generated within the bodies of the herbivora during 
Sea caty Uaisecon ot de aller vod voweate flan goes 
other carbo-hydrates (see vol. i, pp. 31 and 114 ); and even in the 
bodies of the carnivora the liver has been recognised ns a seat of, 
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in the chemical molecules by the action of the vegetable cell, the 
Raa ot ik ts arp in ype re 
restore the most complicated radicals (the most perfect organic 
matter), whilst the animal organism borrows this matter from the 


Sie Gey ste the lease of anlel  » roa TT ges 
primary mucus or the plasina becomes converted into a cell, the 
cell is developed into fibre, and animal matter into the animal, 
‘Yet however much truth may attach itself to such abstract 
assertions, we always find in association with the trath the germs 
of many errors. In treating of the formation of organic matter in 
the vegetable kingdom (p. 180), we noticed the concurrence of 
several processes of oxidation with the deoxidation going on in the 
plant; in like manner we also find in the animal organism, in 
addition to the oxidation in the blood of the capillaries, numerous 
processes of reduction, scarcely less intense than those which we 
meet with in plants; thus, for instance, in the prima viw we have 
‘seen that substances, such as sulphates, which require the most 
powerful agents for their reduction, were completely deprived of 
their oxygen (see vol. i, p. 445); that the oxides of iron and 
‘mereary, and similar substances, were deoxidised in the intestines 
‘whilst we elsewhere drew attention to the fact that the fats and 
lipoids, which are first formed in the animal Lody, can only be 
produced by a process of deoxidation. Even if we assume that 
oleic and margaric acids are formed from starch or sugar by such 
‘a process of cleavage as that by which alcohol is generated from 
sugar, (s0 that the reduction is only an upparent one, since the body. 
is simply decomposed into one richer in oxygen, namely, carbonic 
acid, and into one poorer in oxygen, as alcohol, fusel oil, margarin, 
oo olein);_ yet stearic acid, which is very rarely taken up by animals 
in vegetable food (hitherto it has only been found in cucao-butter), 
‘must he formed by a direct process of deoxidation, as both its com- 
‘position and its chemical qualities show that it can only be regarded. 
as 1 lower stage of the oxidation of the radical of margaric acid ? 
‘Nor can we assume that a substance so poor in oxygen as cholesterin, 
which so readily accumnalates in the stagnant fluids of the animal 
body, can be formed from the simple decomposition of some organic 
matter. ‘The oxidising force of the animal organism is bounded 
by tolerably narrow limits; sulphide of potassium, when present in 
sufficient quantities, passes, in part, in an unoxidised form into the 


L 
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template the greut series of the chemical substrata of the animal 
body, we at once perceive that there are four principal groups of 
substances in which the vital processes are manifested with the 
greatest intensity. Amongst these the albuminous aubstonces or 


conspicuous. 
men is sufficient to show that this must be one of the most 
important substances in the whole animal body; we have met 
with it in the largest quantity in the blood, and in all those animal 
juices which contribute directly towards the nutrition of the 
‘organs, and a more careful examination of many of the animal 
tissues shows that albumen requires only sume very slight modifi- 
cations to became consolidated under different forms; as, for 
instance, when it contributes towards the formation of the solid 
contractile parts, under the form of syntonin (tmusele-fibrin), by 
whieh alone both the voluntary and involuntary movements of the 
animal body are effected. We found it both in a dissolved and an 
‘undissolved form in the most delicate orgunic combinations, as, for 
instance, in the contents of the nerve-tubes—structures by which 
the animal essentially differs from the plant, and in whieh the 
highest force of all animal life may be said to be lucated. While we 
are compelled to admit that chemistry is still unable to furnish the 
long looked-for explanation of the internal constitution of albumen 
and of the substances most nearly allied to it, as syntonin, fibrin, 
and casein, or to trace the numerous morphological metamor= 
phoses to which they are subjected, we are still less able to answer 
the question, wherein lies the eapacity of these substances to preside 
over the highest functions of life. As long as the chemical ques 
tions regarding the difference of albuminous substances of identical 
or similar composition remain undetermined, we have no imme= 
diate prospect of solving the physiological problem of what it is 
‘which capacitates these substances for different vital functions. 
‘We find that the animal germ is surrounded by albumen and 
casein, containing salts, together with a little fat and traces of 
sugar ; hence it is to the albuminous contents of the egg that we 
must refer the development of the organs of animals, including 
even those structures whose substances do not appear very similar 
to albumen, Animals obtain during the period of lactation, besides 


proportions, as 
growth of the gelatigenous, non-albuminous tissues requires the 
Iecyes sation rommirtiioes Gos bods Ss oapceviel be sR Rea 
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organic compounds which occur in such large quantities in its true 
nutrient fluid, the blood. Herbivorous animals do not find any 
substance analogous to gelatin in their vegetable food, and hence 
‘they must generate it from the albuminous substances of plants. 
All the solid bases of the animal organs consist of nitrogenous 
matters, which can only originate from the albumen, on which 
account we have named them derivatives of protein. Although 
‘we may entertain no doubt that the albuminous substances are 
gradually metamorphosed into the non-sulphurous constituents of 
the gelatigenous tissues through the agency of the oxygen which 
enters the blood, we are not able to advance anything beyond 
mere conjecture in reference to the mode in which these processes 
of metamorphosis are effected. We are still ignorant of the inter- 
mediate stages through which the albumen or the casein un- 
doubtedly passes before it appears in the form of a chondrigenous 
substance, nor do we comprehend the internal connection, although 
the metamorphosis of chondrigenous into the glutigenous tissue 
takes place almost directly under our eyes. Although we may 
succeed in exhibiting the result of these metamorphoses by very 
simple formule, we do not by that means the more clearly deter 
mine the actual nature of the process. 

‘The question whether the blood-Albrin constitutes the necessary 
transition-stage from albumen to chondrin and gelatigenous tissue, 
has been more than once propounded in the preceding pages (see 
vol. i, p. 396, and vol. iii, p. 137), and we might with equal justice 
inquire, whether the chondrin must everywhere precede the glutin 
in the formation of connective tissue, the tendons, the skin, &c. ? 
A very simple scheme of these forms of metamorphosis might 
readily be deduced from a theoretical combination of the formule 
representing the composition of these substances; but even if we 
‘were accurately acquainted with the rational composition of all 
these complex substances from a chemical point of view, our igno- 
rance of the individual conditions of the process would prevent 
our being able to decide with certainty which of the many possible 
combinations and modes of representation expressible in formules 
should receive the preference. We have here to inquire if that 
formula is the correct one, which imitates a process of decompo- 
sition (or indicates the metamorphosis) in which atoms of oxygen 
are added, and water and atoms of carbonic acid are abstracted ; 
‘or whether the preference is due to that formula by which the 
substance undergoing metamorphosis yields known excretory sub- 
stances in addition to the main product ; or whether that is the 
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Lo Sip nespuieatiptide Pk bahay 
Ret actioe Sa EAR ALL tom pit 


wi dae ga on 


Schon Sarg BE a4 


ee 
od FRE far aang es 





‘THE FATS. aun 


remains of the decomposition of albumen or glutin ; and, on several 
grounds, it might even be supposed that these matters have been 
formed from the products of the simultaneous decomposition of 
nitrogenous and non-nitrogenous bodies. ‘The result of these con- 
siderations and of all the attempts made to explain the formation 
‘and decomposition of all these nitrogenous substances, keeps us 
within a circle of mere probabilities and possibilities, without 
affording any solid support for the maintenance of any one view 
in preference to another. The only fact which we deduce from @ 
simple comparison of the empirical composition of these sub- 
stances, and from corresponding statistical investigations regarding 
the metamorphosis of matter in the animal body, is, that the 
different phases under which nitrogenous molecules appear in the 
animal organism must be essentially dependent upon the inspired 
oxygen, and that the latter, under the most various circumstances, 
gives origin to the numerous metamorphoses which the molecules 
of albumen undergo before their final change into urea and similar 
substances. 

In a second group of substances which we have learnt to 
recognise as important agents in the metamorphosis of animal 
matter, we must place the fate, We considered their physio- 
logical importance, origin, and final destruction ao fully in the frst 
part of this work, that very little remains to be said on the subject. 
We learnt (vol. i pp. 259-272) that the fats, besides the manifold 
mechanical services which they render the animal organism, also 
take part, through their chemical metamorphoses, in the most 
varied animal processes, that they take an active share in the process 
of digestion in the prime viee, and that they preside generally over 
all the processes by which the fluid nutrient substances are con- 
verted into the solid substrata of the organs. ‘The formation of 
the colourless blood-corpuscles seems also to owe its first impulse 
to the metamorphosis of fat, which thus serves as the most im- 
portant auxiliary in the formation of blood. We alto, in the same 
place, drew special attention to the fact, that no animal cell 
‘and no fibre was formed independently of the presence of fat. 
Indeed, the fat appears to possess the property of predisposing 
the animal organism to the formation of cells. ‘Thus, for instance, 
whenever very large quantities of fat are introduced into the 
organism, as in the fattening of live stock, the connective and 
subeutaneous tissue of different parts exhibit an extraordinary 
number of cells, all which contain fat. A cell-formation of this 
ind requires, however, the concurrence of albuminous substances, 

v2 





é 
af 
f 
i 
ih 


i 
5 rf 
; 
: 

i 
rege 
i 
Rte 


‘materials for cell-formation is no longer fiat begins 
to-accumulate in the blood and other animal fluids. These results 
were deduced hy Persoz and Boussingault,* from a series of most 


p-268). ‘This tendency is most in those 
anatomical cases which have been commonly 

‘under the name of fatty i occurring 

phenomena may be interpreted in two different ways ; for it may. 


combinations, 
leaving fat as the secondary product of the decomposition of 
albuminous matter. 


Tt must be observed, in reference to the latter hypothesis, that 
hitherto all attempts made to convert protein-bodies into true fat 
by chemical means have proved unsuccessful, although there is 

Aum. de Chim, ot de Phyn. me 8ér. 14, p. 419438, 
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nothing, in a chemical point of view, at variance with such an 
assumption (see vol. i, p. 258) ; indeed Liebig* has especially shown 
that it is not only possible, but also probable, in a chemical point 
of view, that the albuminous substances of the animal body may 
bbe converted into fat. We find that in the putrefaction, as well as 
in the gradual oxidation of albuminous substances, there are formed, 
in addition to butyric acid, a number of acids which belong 
undoubtedly to the group of the fatty acids, and are thus closely 
allied to the fats; indeed fat may, under favourable conditions, be 
converted into ammonia and such fatty acids (butyric and vale 
rianic acids); hence it may fairly be assumed that under the 
peculiar conditions presented hy dead cells and tissues in the living 
organism, the process of decomposition takes the same course in 
nitrogenous matters as in the butyric or valerianic fermentation of 
the protein-bodies, with only this difference, that in the former case, 
where there is only small supply of oxygen, oxides having higher 
earbo-hydrogen radicals are formed. If the formation of adipocire 
were more carefully examined, we should find that it presented the 
‘most striking instance of a true fatty fermentation of albuminous 
bodies. Cherreul, as is well known, found saponified fats com- 
bined with ammonia and lime in adipocire, which led to the con- 
clusion that the nitrogenous constituents of the muscles undergo 
the process of putrefaction during the formation of this adipocire, 
‘and that the ammonia which is formed combines with the fat 
‘existing during life to form soaps, whilst the greater part of the 
oleic acid is destroyed, or carried away, or converted into margaric 
acid. Recent experiments made by Quaint and Virchowt on 
the conversion of muscular tissue into adipocire in macerating 
troughs seem rather to give some weight to the older opinions, 
that it was not merely the pre-existing fat which was saponified in 
this process, but that the albuninous constituents of the muscles 
were separated into fatty acids and ammoniacal salts. This subject 
requires, however, to be more carefully investigated before we can 
venture to decide to which of these hypotheses we ought to give 
the preference. 

Virchow§ has long been one of the most zealous supporters of 
the view that albuminous substances are converted into fat within 
the living organiem. This observer was the first pathological 
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and 

sequently made similar experiments with tendons, cartilages, and. 

bones, and obtained very nearly the same results as Wagners 
however, maintained that the fatty metamorphosis. must 

‘be limited to the cells but this opinion seems to be refuted by the 

observations of Wagner and others, As, however, Wagner him= 

self had started the objection, that fat might be introduced from 


by cutting off every supply of fat from without. For this purpose 
‘Husson,|| who had repeatedly confirmed Wagner's earlier observa 
tions, undertook a series of experiments under the direction of 
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that physiologist, introducing into the abdominal cavity of pigeons 
portions of albumen or crystalline lenses enclosed in gutta percha 
bags, These experiments, in which there was only a vety small 
increase of fat where the gutta percha hags were well preserved, 
seem rather to speak against the formation of fat than to confirm 
such a view. Schrader* employed crystalline lenses inclosed in 
‘stoppered glass tubes for similar experiments : he did not, how- 
ever, make any quantitative analyses, but merely thought he had 
discovered the presence of fat by examination with the microscope. 
F. W. Burdacht has recently carried on some very circumstantial 
experiments, in which according to Wagner’s method, portions of 
albumen or crystalline lenses, inclosed in collodion or caout- 
chouc, were introduced into the abdominal cavity of animals, 
and examined after an interval of a month or even a longer 
period of times from these observations Burdach convinced 
himself that where the animal juices were entirely cut off, the 
Protein-body was not metamorphosed into fat, nor did it 
undergo any essential alteration from the simple action of the 
animal heat; whence it followed that if the protein-substances are 
actually converted into fat within the animal body, the free access 
of animal juices is at all events indispensable to the process. Bur- 
dach also found that when the albuminous substances were enve~ 
loped in collodion, a very fatty yellowish layer of exudation was 
formed upon the latter, in consequence of the exudative inflam- 
matory process, in precisely the same manner as when such a mass 
is deposited directly upon the protein-substance. It is, therefore, 
obvious that the yellow fatty rind observed in Wagner's experi- 
ments is not the result of the decomposition of the protein- 
substance, although it is possible that the whitish fat which appears 
as if infiltrated into the object (but seems to be always more 
copiously deposited on the circumference than at the centre) 
may derive its origin from the decomposition of the protein-body. 
With the view of determining this question, Burdach employed 
porous vegetable matters, such as wood and elder-pith in place of 
the protein-substances in his experiments, and the results obtained 
were very nearly the same as those observed in the case of nitro- 
genous animal matters, the yellow fatty exudation being deposited 
round these substances, and the fat having been imbibed, through 
the intercellular spaces of the periphery, into the innermost part 
of the wood or elder-pith. 
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As this method id not afford any prospect of 
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portal and hepatic veins to give considerable probability to the 
view,* that the sugar which is formed in the liver—e fact which 
was originally discovered by Bernard, and subsequently confirmed 
by Frerichs (see vol. i. p. 290, and vol. ii. p. 90)—owes its origin 
to the decomposition of albuminates, and more especially of fibrin. 
‘The possibility that a carbo-hydrate may be contained in albu- 
minous substances as an intimate ‘constituent or adjunct, as in 
salicin, phlorhidzin, and amygdalin, was first conjectured by 
Berzelius, and has since been clearly demonstrated by Liebig. The 
tendency of albuminous substances to pass into the butyric fermen- 
tation, which is especially noticed in fibrin and casein, may also, 
pethaps, be interpreted in the same manner. Hence not merely 
the sugar which is conveyed into the bodies of herbivorous animals 
with the food in the form of starch, but especially that which is 
generated in the organism itself, must possess high importance 
in the metamorphosis of animal matter generally. It is a striking 
fact, however, that notwithstanding this abundant supply both 
from without and from the liver, sugar is found only in compara- 
tively small quantities in the blood of herbivorous animals, 
although it is present in scarcely smaller quantities in the blood of 
the carnivora, even after the use of a purely animal diet. It is not 
Jess remarkable that nature has provided the egg with a small 
quantity of sugar, and that the amount of sugar in the hen’s egg is 
increased rather than diminished with the development of the 
embryo. ‘These facts undoubtedly indicate that the sugar or the 
carbo-hydrates generally, as well as the fats, must serve some other 
purpose than that of maintaining the heat of the animal body by 
their simple, although gradual oxidation. It will be presently seen 
that by these remarks we do not by any means intend to deny that 
the development of the heat, which is generated by the consump- 
tion of these substances, is one of the most important objects of 
their introduction into the animal organism ; but if the sugar served 
solely to generate heat, we can scarcely explain why the quantity 
should increase in the egg during incubation, whereas we should 
rather expect that it would wholly disappear during the oxidation 
‘which accompanies this process of development. ‘The question fur- 
ther arises, why the suger, which is certainly present in far smaller 
‘quantities in the blood of the carnivora than in that of the herbi- 
vora should not be immediately consumed in the former, and 
rendered unamenable to our reagents, since the sugar occurring 








© Ber, dk sichs Gea. d. Wiss 1860, 8, 190-148, 


She epee tne! 
ae salok txsoubemaike 


i dee ae Ser 
weed clo de ght! 





SUGAR. 219 


facts well known to the physician to prove the truth of this propo- 
sition, since the phenomena of indigestion in gastric catarrh, and 
the temporary benefit derived in these conditions from the use of 
acids are now explained by these purely physical relations. 

‘This proposition acquires still higher importance in reference 
of the animal functions, when we consider the antagonism of the 
reactions of the different animal fluids, a condition which we shall 
more fully consider at a future page. We will here simply obs 
that we find, when we examine the mixture of the animal jui 
already noticed, that on the one hand the free acid is associated with 
phosphates and potash-salts, and on the other hand a strongly 
alkaline reaction with soda-salts and chlorides. ‘These occurrences 
are not the result of accident, and Liebig, as we shall presently see, 
has with his usual ingenuity and success elucidated the object 
and necessary results of this peculiar grouping of the acid and the 
alkali, and of the different salts in the animal organism. If we 
attend only to the constant difference in the reactions of the differ- 
ent juices, we shall have to admit, that the alkaline nutrient fluid 
of the blood must, in accordance with this physical law, transude far 
less readily than the acid parenchymatous fluids through the walls 
of the vessels. Even if the remarkable play of affinities in the 
phosphate of soda might often give rise to an acid reaction, such 
an effect could scarcely be produced unless carho-hydrates were 
introduced into the body, or generated within it, by whose con- 
version into acids a part of the base would be abstracted from the 
phosphates taken with the vegetable food in order to convert them 
into acid salts, until the alkali, after being freed by combustion 
from its organic acid, might recombine with the phosphate. 

If we deny this function to lactic and other organic acids, we 
could not admit the occurrence of an acid reaction, or what is the 
same thing, the formation of an acid phosphate in the organism, 
if the carbo-hydrates, without forming acids, were consumed 
in the same manner as in our furnaces or crucibles. The ash of 
plants always exhibits an alkaline reaction (excepting in the case 
of some seeds), and consequently the food of herbivorous animals 
could only generate alkaline fluids within the body if the carbo- 
hydrates were not, partially at least, converted into acids, and dis- 
tributed with the phosphoric acid amongst the bases, thus serving 
to restore the acid salts and the acidly reacting fluids. Nature 
has, therefore, provided by this beneficial distribution of acids and 
alkalies for the removal of all effete matters from the tissues in the 
most rapid manner, and for their transference to the blood, where 
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according to Liebig,* the formation of fat from sugar may be 
explained in two different ways. It may in the one case be analo- 
‘gous with vinous fermentation, or with the formation of fusel oil, 
the atom of sugar being decomposed into carbonic acid, and into a 
substance poor in oxygen; or in the other case, the sugar may 
undergo a process analogous with the butyric fermentation, by means 
of which the hydrogen is in part abstracted from the carbo-hydrate, 
and carbonic acid escapes, while a substance poor in oxygen 
remains in the form of one of the known fatty acids. In the 
butyric fermentation, one atom of sugar is decomposed into hydro- 
gen, carbonic acid, and butyric acid (C, Hy, O,,>=4H +4CO, + 
C,H, 05. HO); in the formation of caprylic acid within the animal 
body, two atoms of sugar become decomposed into the above- 
named acid, carbonic acid and hydrogen, the latter combining to 
form water with the oxygen which it meets with in the blood 
(Cay Hay On, +40=4HO +8 CO, +C yg Hy, Oy HO). Liebig ad- 
duces an interesting experiment in support of the view to which 
we have already referred, that the formation of fat is effected in 
the liver. When pieces of calves? liver are chopped up in water, 
and suffered to stand at a temperature of 39° or 40°, an extraor- 
dinary amount of pure hydrogen gas will be developed in about 
four or five hours; some ferment must, therefore, be developed 
here, which is capable of separating the hydrogen from the 
‘oxygen. In every case the deposition of fat within the animal 
body betrays a certain deficiency of oxygen, showing that the 
amount of oxygen respired was insufficient to allow the complete 
separation of the sugar into water and carbonic acid. 

‘The part taken by the fats in the metamorphosis of animal 
matter has already been very fully considered in the first volume. 
We there showed (after discussing the mechanical objects fulfilled 
by the fats in different parts of the animal body), that these sub- 
stances accomplish definite purposes in the prime vie, and that 
they appear to be powerful auxiliaries in the formation of cells and 
tissues, whilst their ample supply of carbon and hydrogen, and their 
gradual oxidation, enable them to contribute essentially towards 
the generation of animal heat. We shall refer in a future page to 
the special value of the fats in relation to the generation of heat. 

‘We now pass to another group of substances, whose occurrence 
in the body, and whose importance in the animal economy have 
already been considered in detail in the first volume of the present 

© ‘Thierchemie, 1846, 8. 102, Chemische Briefe. 1851, 8. 486-492 [or 
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decided alkaline reaction, whilst the juices of the most vitally 
active organs have -a decided acid reaction. Besides the blood, 
there'are only few of the animal fluids which are constantly alka- 
line, as, for instance, the lymph, the chyle, and the transudations. 
Among the secretions, the saliva alone exhibits a strongly alkaline 
reaction under certain physiological conditions, whilst the bile and 
the pancreatic juice are so slightly alkaline that they are often 
‘unable, under ordinary conditions, to neutralize the acid masses 
which enter the duodenum from the stomach. On the other 
hand, we know to what a degree the gastric juice is distinguished 
for its acidity, and that the acidity of the muscular juice varies 
directly with the activity of the corresponding organs; the most 
recent experiments of Du Bois Reymond and Liebig showing that 
the muscles, when at rest, contain no acid juice. The paren- 
chymatous fluids of the spleen, the thymus gland, the smooth 
muscles, the liver, and the supra-renal capsules, all contain free 
acid. This antithesis in the preponderance of the alkali and the 
acid is not only apparent in the mass of the coarser organs, but 
shows itself on a close examination even where we should not 
expect to meet with such differences, as for instance, in the egg and 
the blood. Although the fuid of the yolk exhibits no acid reaction 
towards vegetable colours, yet it is found, on a closer examination, 
to differ essentially from that of the white, which is 80 rich in 
albuminate of soda and alkaline carbonates as always to colour 
turmeric brown, whilst the yolk-fiuid is so poor in alkalies that 
the casein contained in it is separated in granules, We might 
certainly regard this casein as the free acid of the yolk, if the ash- 
alyses of the latter did not show that the mineral bases are 
insufficient to saturate half of the phosphoric acid contained in it 
(see vol. ii, p. 360). In examining the blood, we find that a 
difference exists between the serum and the blood-cells precisely 
similar to that which we have noticed between the yolk and the 
white of theegg. If we are not mistaken, C, Schmidt has some- 
where suggested that the contents of the red blood-cells may have 
an acid reaction; the numerous experiments which I have made 
in relation to this question have not enabled me to arrive at any 
definite results ; but if we consider the composition of the mineral 
constituents belonging to the blood-cells as first determined by 
Schmidt, and if we bear in mind the facts* which have been recently 
established regarding the behaviour of the crystalline substance 
of the blood, its acid reaction on coagulation, the amount of 
* [ee note to vol. i, p. 188, (om the eryateltine matter contained én the Blend 
cally) ia the Appendix.} 
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acid phosphates in them, although striking and inexplicable, is yet 
not inconceivable. After the wonderful discoveries of Graham in 
reference to these complicated endosmotic phenomena, which have 
hitherto been so imperfectly reduced to definite laws, we need no 
longer be surprised when we see an acid fluid separating from 
the alkaline blood, or an acid phosphate separating from the neutral 
phosphate, and permeating the coats of the vessels. A similar 
view must be taken of the faintly acid or neutral fluids in which, 
at all events at present, no organic acid has been recognised, as for 
instance, the yolk and the contents of the blood-cells ; for it is cer- 
tainly not very probable that these adjuncts, or faintly acid bodi 
such as casein or glycerine, should be capable of decomposing the 
neutral alkaline phosphate. 

‘We must here refer to an observation which is intimately con- 
nected with the above-described facts, and which bears upon the 
influence of these unknown laws of diffusion and endosmosis ; we 
allude to the fact frst observed by Liebig during his investigation 
of the muscular fluid, and subsequently confirmed by C. Schmidt 
in his investigation of the contents of the blood-corpuscles, namely, 
that these fluids, which are so rich in phosphates, and which exhibit 
an acid reaction, contain only a small amount of soda-salts and 
alkaline chlorides, while they are very rich in potash. This observa~ 
tion I have been able to confirm (see pp. 71 and 87) in examining 
the parenchymatous juice of the different contractile tissues 5 for I 
found that acid sweat, which was almost entirely free from phos- 
phoric acid, contained a much larger quantity of potash-salts than 
‘were contained in the alkaline animal juices, which were richer in 
phosphoric acid. The experiments hitherto made on endosmosis, 
‘and diffusion have indeed afforded some indications of the readiness 
with which the potassium-compounds transude, although they 
have not yielded any more precise results; Graham’s* most recent 
experiments have merely demonstrated that hydrated soda and 
the sods-salts in general are diffused somewhat more strongly than 
hydrated potash, and the corresponding potash-salt. Here again, 
therefore, we are deficient in the elements necessary to furnish an 
explanation of these phenomena ; that is to say, we are ignorant of 
the physical laws, whose application to organic nature, and whose 
utility in proving that all vital phenomena are results of a physical 
necessity, constitute the true essence and the ultimate aim of phy- 
siological chemistry and physiology. As long, therefore, as we 
continue in ignorance of the leading physical premises, we should 
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the spleen and the muscular layer of the intestinal canal, which are 
especially rich in contractile tissues, are also especially distin- 
guished by the amount of free acid, &c., which they contain; whilst, 
‘on the other hand, the juice of the salivary glands and of the pan- 
creas, in which Kalliker discovered few or none of these fibre-cells, 
are distinguished by their alkaline reaction and by their poverty of 
potash-salts. I have ascertained from direct observation that the 
middle coat of the aorta and the A. innominata yields far less acid, 
phosphates, and potash, in proportion to the amount of fibre-cells, 
thar the same tissue from middle-sized arteries. It requires, there- 
fore, further and more exact investigations to determine whether the 
juice of the spleen and similar organs exhibits an acid reaction, &¢,, 
simply because it is blended with the juice belonging to the fibre- 
cells, or whether the presence of these substances is inherent in 
the organ as such; but still it must be confessed, that our histo- 
chemical investigations render the former view by far the more 
probable. 

We likewise meet with accumulations of phosphates indepen- 
dently of the presence of free acid, or the formation of acid salts, 
in parts of the animal body where their presence has either served 
certain definite purposes, or where it is still regulating certain func- 
tions; instead, however, of recurring to the observations we have 
already made in relation to this subject (see vol. i. pp. 412-418 and 
440), we will here merely refer to the following facts. All histogenetic 
‘substances are almost inseparably combined with considerablequan- 
tities of phosphates, so that the two are always dissolved together, 
and are again associated in all coagula or precipitates obtained 
from their solutions. The bases of all completely developed tissues 
always contain in their ash considerable quantities of phosphates, 
which for the most part are in the proportion of 1 equivalent of 
Phosphoric acid to 1 equivalent of base, and therefore occur as 
metaphosphates ; as for instance, in the case of the muscular sub- 
stance, and the substance of the connective tissue of the lungs and 
of the liver, after heing thoroughly rinsed in water according to 
Liebig’s directions. Hence we may conclude, that acid phosphates 
must have been present in the recent tissue, or rather that a por- 
tion of the phosphoric acid was combined with organic matters. 
We have further seen (see p. 135) that all ‘secretions from the 
blood, which are distinguished by their plasticity, exhibit phos- 
phates, which although not always present in large quantities, 
never fall below a certain amount; and the admirable observatior 
of C. Schmidt have shown that a certain quantity of phosphates is 
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‘4 neutral and a basic compound, according as we calculate its atomic 
weight. We have already described, under the head of Albumen 
(vol. i, p. 334), and under that of Blood (vol. ii. p. 208), the re- 
actions which show that the blood-seram contains two albuminates 
of soda, one of which is rich and the other poor in alkalies, and 
that these are mixed together in variable proportions ; it is only 
in diseases that free albumen, held in solution solely by the salts of 
the serum, can be obtained. This relation even might of itself 
aid us in conjecturing the effects of the alkali, or in other words, 
the purpose it accomplishes in the blood. ‘The somewhat lax com- 
bination between soda and albumen will always be disposed to 
give off the alkali, as soon as acids are formed in the blood, or 
are conveyed to it from other parts of the body. ‘The provision 
by which the blood is surrounded by acid fluids, and which enables 
it to expend a portion of its alkali in destroying the acids without 
by that means losing its alkaline character, is one which demands 
our fullest consideration ; this alkalinity of the liquor sanguinis 
‘would, however, very rapidly be destroyed, owing to the abundant 
supply of acid fluids, and the great tendency of the latter to be 
converted into alkaline and neutral fluids, if the newly formed salts 
were not readily and quickly decomposed into carbonates, and in 
part also were removed unchanged from the blood. 

The following seem to be the only considerations which are 
able to assist us in determining the causes which maintain the 
alkalinity of the blood at a tolerably constant degree, and the ob- 
jects which are effected by this constancy. We need not here seck 
for any complicated modes of explanation, for the question to be 
determined is simply this: what effect will the alkali necessarily 
exert on organic bodies under the relations prevailing in the living 
blood ? As far as these relations are known to us, it would appear 
that the one which especially claims our attention is the simulfane- 
ous presence of oxygen. ‘The first principles of chemistry teach us 
that the tendency of oxygen to combine with certain elements is 
extraordinarily strengthened by the presence of alkalies, but it is 
scarcely necessary to enter more fully into the chemical laws and 
experiments which refer to this subject, and which have been 
already considered in various parts of this work. We will, there- 
fore, limit ourselves to a brief notice of the most important 
‘experiments, which show the necessity that the collective organic 
constituents of the blood should be subjected to a process of gra- 
dual oxidation by the simultaneous presence of oxygen and loosely 
combined alkalies in the blood. ‘The oxidation thus gradually, 
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the latter disappears from the circulation, if we remember that this 
sugar, when associated with an alkali, is capable of taking up 
combined oxygen, and of withdrawing it from oxide of copper and 
many other oxides. 

Our experiments show that a less striking influence is ex- 
certed by the alkalies on the oxidation of the fale and fatty acids ; 
indeed, direct observations appear to show that the fats in the blood 
are oxidized much less rapidly than the carbo-hydrates, or even 
than the albuminous substances. Urea may be detected in urine 
as a product of the oxidation of the nitrogenous matters of the 
food, long before the combustion of the fats can he recognised in 
the augmentation of the expired carbonic acid (see Nutrition) ; 
whilst facts may be advanced in proof of the gradual oxidation 
experienced by the fats under the action of an alkali and oxygen. 
We need only refer to the occurrence in the blood of acids homo- 
logous to the solid fatty acids, as for instance, in certain secretions, 
and more especially in the sweat, where the whole series of acids, 
from formic to eaproie acid, has been exhibited with tolerable cer- 
tainty. ‘Thus, too, butyric fermentation, like lactic fermentation, 
requires the addition of equivalent quantities of the alkalies for its 
perfect accomplishment, Although we may deny the appellation 
Of fats to those lipoids, such as cholesterin and serolin, which most 
probably are formed only in the blood, they betray in many of 
their properties so near an affinity with these bodies, that in our 
ignorance of their origin, it would scarcely seem at variance with 
the trath, were we to refer them to the oxidation of the fats as 
residua poor in oxygen, in the same manner as we refer humus to 
the decomposition of wood. 

Chevreul and Scherer have recently shown that hematin (the 
colouring matter of the blood) when dissolved in alkalies is able to 
continue unchanged for a prolonged perivd, and that on the access 
of atmospheric air it instantly attracts oxygen, and becomes con- 
verted into a colourless body. ‘The want of a more careful exami- 
nation of these facts has hitherto prevented the exact comparison of 
this form of metamorphosis with that which occurs in the 
blood. 

No one can doubt that the albuminous substances of the blood 
undergo a gradual oxidation before they can be employed in the 
formation or renovation of the tissues, although we certainly are 
still unable to determine the extent to which the alkalies influence 
their oxidation and further metamorphosis. We know only this 
much, that the alkali of the blood must aid in abstracting and 
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the albuminate of soda. But as comparative analyses of this kind 
are attended with considerable difficulty, and as the concurrent 
circumstances might possibly invalidate the correctness of this 
view, we will turn to other investigations connected with this 
subject. Bernard, who, as we have already stated, injected a 
solution of grape-sugar into the veins of dogs and rabbits, thought 
he could perceive that the sugar not only did not pass into the 
urine, but that the latter secretion was even rendered alkaline, 
Without including my previous experiments, which led to pre- 
cisely opposite results, I have very recently injected grape-sugar, 
prepared from starch, into the jugular veins of 37 rabbits and 
dogs ;* but in no single instance was the previously acid urine 
rendered alkaline; and in no single case was grape-sugar absent 
from the urine. Quantitative determinations showed that even 
11 of a gramme of grape-sugar could be detected in the urine of a 
rabbit weighing 2,150 gramines. The greater part of this (0"1 of 
‘a gramme) of grape-sugar passed into the urine, even when the 
rabbits had fed before and after its injection on cabbage-leaves, 
carrots, grass, and other substances rich in alkalies, and the 
alkaline urine of these animals did not retain its alkaline character, 
notwithstanding the abundance of alkalies contained in the food, 
but acquired, in opposition to Bernard’s assertion, an acid and 
often a very intensely acid reaction. Finally, I convinced myself 
in two cases that rabbits into whose veins very small quantities 
of starch-sugar had been injected (which might in other cases be 
detected in the urine) did not void any sugar, provided they had 
received no succulent food either shortly before or after the 
experiment, and hence did not require to pass urine. A similar 
result was observed when urine was artificially discharged by 
pressure on the region of the bladder. It appears that sugar can 
‘only be separated from the blood when there is an excess of 
water in the latter, for it is only by the prolonged continuance of 
sugar in the blood that it can be thoroughly consumed; but the 
urine here is not rendered alkaline, but strongly acid, as is elways 
the case with fasting rabbits. The sugar, moreover, passes 80 
rapidly into the urine that it may frequently be detected five 
minutes after its injection (and that even when only 0-1 of a 
gramme has been injected). This rapid separation of the sugar from 
the blood, and its decomposition in this fluid, if from a deficiency 
of water it be retained sufficiently long, seem to favour the 
hypothesis that the cause of the appearance of sugar in the urine 
Ber. dks sichs, Ges. dor Wine, Jabrg. 1882, 

















‘THE PROCESS OF OXIDATION. 235 


stomachs of rabbits and doge (concentrated solutions must 
necessarily be avoided, as they always induce a morbid condition 
in the animals), the result to be expected would naturally be, that 
when the animals had been fed on oats only, or on some food equally 
poor in alkalies, the normal alkalinity of the blood would be so 
much diminished that the sugar which had now been conveyed 
‘to the blood from the intestine or the liver would not be perfectly 
oxidised, and would therefore pass into the urine in an undecom- 
posed state. This conjecture has not, however, been verified by 
my experiments. The urine does not even exhibit any trace of 
sugar when attempts are made to remove the alkali from the blood 
by artificial means. Similar but variously modified experiments 
have also been made by Uble,* with precisely similar results, It 
would, of course, be an utterly useless experiment to attempt to 
gain the same object by injecting acids into the blood. 

‘We must not, however, form too high an opinion of the oxidis- 
ing force of the blood, however important it may he to the entire 
animal economy. Thus, for example, we meet with numerous 
phenomena which indicate the co-existence of a deoxidising pro- 
with the process of oxidation; of these we need only instance 
the formation of substances 0 rich in sulphur as taurine and 
cystine, and of others so poor in oxygen as cholesterin, castorin, &. 
‘The most striking illustration of this fact is afforded by the well- 
known experiment, which has recently been confirmed by one of 
my pupils, Ranke,t that the animal organism acts upon indigo in 
the same reducing manner as the hot or cold vat; ordinary indigo 
blue is converted in the prime vise into sub-oxide of isatin, (re- 
duced indigo), and may, when dissolved in an alkaline solution, 
pass through the blood without being perfectly oxidised ; hence 
it may re-appear in an unoxidised state in the urine. If we observe 
the urine that is discharged after the administration of a few 
grammes of indigo, we perceive that the fluid assumes alight blue 
colour, which becomes gradually more intense if it is shaken for 
time in the air, until a blue sediment of pure indigo blue is finally 
formed. This reduction does not originate in the urine itself, since 
the alkaline fermentation must be set up in the fluid before it can 
dissolveindigo. This urine, however, has always an acid reaction. 
Ifwe had not the most evident proof before us that free oxygen was 
contained in the blood, an unphysiological chemist might consider 
himself justified in concluding from these facts, that oxygen can- 
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observations,* that the oxygen in the blood must undergo a change 
resembling that which it experiences when retained for some time 
in intimate contact with phosphorus, oil of turpentine, &c. If we 
fail to recognise the presence of ozonised oxygen in the blood by 
the ordinary tests, as for instance, iodine of potassium with starch, 
&c,, this is obviously no proof of its absence, for in the presence 
of a large number of oxidisable matters in the blood, it must neces- 
sarily disappear almost as quickly as it is formed. ‘The recent 
investigations in physiology, which seem at length to approximate 
towards the solution of the mysterious connection between elec- 
tricity and nervous action, while they hold out a prospect of being 
able to determine more definitely the phenomena of free electricity 
in the animal body, render it more than probable, that the oxygen 
within the living body—if not in the blood, at all events in other 
parts—passes into this state of special attractive force, and that in 
this condition it takes part in the vital processes. At all events 
we feel that Schénbein’s admirable discoveries ought not to be 
disregarded by physiologists, notwithstanding the obscurity which 
still appertains to the principles from which we must deduce an 
explanation of these facts. 

But whatever difference of opinion may exist as to the more 
immediate relations in which the inspired oxygen combines in the 
body with individual substances, every one must admit the correct- 
ness of Liebig’s ingenious hypothesis, that the alkalies in the 
blood promote and maintain the combustibility of the respiratory 
constituents of the food, and that they consequently serve as 
essential conditions for the maintenance of animal heat. In the 
absence of a positive proof of this proposition, we should not wholly 
reject the negative evidence in its favour. We have often alluded 
to Wohler’s discovery, that organic acids, such as tartaric, citric, 
and gallic acids,when they had been introduced in a free state into 
the body, reappeared unchanged in the urine after their passage 
through the organism, whilst their alkaline salts, under similar rela- 
tions, are burnt within the body. We cannot surely explain this 
fact, except by assuming that the presence of the alkali induces, in 
the one case, the oxidation of the organic acid, whilst in the other 
case, the free acid, if present in sufficient quantity, suspends the 
alkalinity of the blood, and consequently also its oxidising capacity, 
until it is removed from the organism through the kidneys. 

‘A series of experiments were made some years ago in my 
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acid. Ranke,* who commenced under my direction a more minute 
examination of this subject, has now obtained the undoubted result, 
that salicylic acid is formed in addition to salicylous acid ; he also 
obtained considerable quantities of phenylic acid by the distillation 
of the alcoholic extract of such urine with water. I have, however, 
not convinced myself that this acid is contained preformed in this 
‘urine; it may very readily occur here as a product of distillation, 
Phenylic acid exerts an extremely poisonous action, so that some 
symptoms of indisposition ought to manifest themselves after the 
use of salicin, if this acid were formed from salicin ; such, however, 
is not the case. As it might be conjectured that phenylic acid was 
separated from the kidneys immediately on its formation, I injected 
the alcoholic extract of this urine into the jugular vein ofa rabbit, 
but the animal exhibited no morbid symptoms whatever. 

I may here observe in reference to the decomposition of salicin 
in the animal organism, that this substance, which, like amygdalin, 
is decomposed by synaptase, does not behave in the blood in the 
‘same manner as amygdalin, which on being injected into the blood 
is not decomposed, and hence does not produce poisoning by 
prussic acid; although when salicin is injected, a portion only 
passes in an unaltered state into the urine, whilst the larger qu 
tity is decomposed in the blood for after the injection of salicin 
into the veins, the urine is affected in the same manner as after its 
introduction by the mouth. Sugar, which, as is well known, is 
formed in the decomposition of the salicin by synaptase, cannot be 
recognised in the urine, even when as much as 0°943 of a gramme 
of salicin has been injected into the blood. Ranke also found 
saligenin in addition to those acids in the urine, but no saliretin. 

‘The previous observations leave no doubt as to the function of 
the alkaline carbonates in the blood, and we have already treated 
circumstantially of carbonate of soda in the first volume of the 
present work (see pp. 436-440); we will, therefore, only observe, 
that these salts are able to maintain their function as agents in the 
process of combustion for an infinitely long period ; that is to say, 
‘an infinite quantity of organic acids and carbo-hydrates may be 
reduced by one and the same quantity of these salts into carbonic 
acid and water; for scarcely is an alkaline carbonate decomposed 
by asubstance of this kind, and deprived of its carbonic acid, 
before it is reconverted into a carbonate by the combustion of the 
organic substance; hence we are able to explain how the propor 
tionally small quantity of alkaline carbonates which are present in 
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Key the 
ceases, whilst in those cases in which the blood is deficient in this 
substance, all the chloride of sodium entering the organism from 
without is retained until the normal amount is restored. 
‘We have now, however, to consider the more difficult question 
epee ee BS fv enti SO 
of animal matter. We have endeavoured to 
a a peculiar relations which it 
exhibits towards the albuminous matters of the blood and of the 


pure 
together with the albuminate of soda, and thus render it amenable 
to chemical agencies. Liebig has, however, drawn attention to 
a very important fact connected with this subject. Gluten ix 
dissolved as readily as muscle-fibrin in water containing Pe 
chloric acid (see page 84), and is precipi from 
solution not only by more Kodrechion tt bat aes by the 
adiition of a solution of chloride of sodium of less strength even. 
than 42. From these and similar experiments we may assame 
that the amount of common salt in animal fluids exerts a certain 
influence on the separation as well as the solution of albuminous 
‘substances, although we are unable to demonstrate the individual 
details with any great exactness. 

‘The mode of action of chloride of sodium in the metamorphosis 
of animal matter was the more difficult to determine, as it was 
known to the chemists as an extremely indifferent substance, with 
very little tendency to form further chemical combinations, urea 
and grape-sugar being almost the only substances with which it 
combines chemically. These two facts sufficed, however, to lead 
Liebig to a very ingenious view regarding the function of this 
‘substance in the metamorphosis of matter. It is very probable 
that the union of urea with chloride of sodium may be far more 
intimate than its ready decomposition by re-crystallization in 
water would lead one to conjecture. Thus, for instance, urea is 
Po SSE parentage erreeg oregon’ 

solution, if chloride of sodium be present; 
ee  coasia alased ane 
positions where its presence would not be suspected, as for 


* Arch, f pathol. Anst, Bd. 3, 8, 251. 
You. 1. w% 








CHLORIDE OF SODIUM. 243 


‘an interchange of constituents with the carbonate and phosphate 
of potash, and, on the other hand, that nature has assigned very 
different parts in the animal organism to the alkalies, which are 
otherwise s0 similar when considered from a chemical point of 
view. Similar conclusions may be deduced from the experiments 
made at Giessen on different terrestrial animals, which showed 
that the bile, notwithstanding a food rich in potash, contains 
large amount of soda, which is combined with the biliary acids. 
‘The great persistence of this distribution of these two alkalies in the 
various animal juices precludes the idea that we have here to deal 
with a phenomenon which is merely incidental. As we have already 
observed, it still remains for us to discover the properties to 
which the soda owes its place in the blood-serum and in the bile, 
and to explain the purposes which are effected by the accumu- 
lation of potash in the juice of the muscular and of all the con- 
tractile tissues, as well as in the blood-cells, the plastic exudations, 
the yolk, &e. 

‘The constant presence in the blood of a tolerably uniform 
amount of chloride of sodium has led Liebig to the ingenious idea 
that this very constancy exerts an essential influence on the 
absorbing power of the blood. This assertion of Liebig’s that 
the constant amount of chloride of sodium present in the blood is 
an essential agent in the organic process of absorption, must be 
universally admitted as correct by all who have witnessed even a 
single endosmotie experiment, and who are moreover well aware 
that the substances which are actually dissolved in the intestinal 
canal generally present a far less dense fluid than the blood, and 
that the kidneys possess a property, which has not yet been ex- 
plained, of immediately carrying off any excess of water that has 
entered the blood. If we further add the peculiar relation of 
acids and alkalies first noticed by Jolly and Graham in diffusion 
‘and endosmosis (see p. 218), we shall be disposed, with Liebi; 
admit that in the animal body are united all the conditions for 
rendering the circulating system, by means of the blood, a most 
perfect suction-pump, which performs its duties without stop-cocks 
or valves, without mechanical pressure, nay, without regular canals 
or passages for the transmission of the fluids. 

In conclusion, we must again refer to the remarks which have 
been previously made (vol. i, p.434, and vol. iii, p. 186) in reference 
to the influence of chloride of sodium upon the development of 
cells in secretions and exudations. Amongst the latter we found 
that the most plastic were those which contained soluble phos- 
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animal fluid, whilst even in the cellular tissues as well as in the 
permanent cartilages and the still-unossified bones, we meet with 
the Inrgest constant amount of chloride of sodium, We also learn 
from Frerichst that the synovial Quid, which is so rich in cells and. 
epithelium, contains a large amount of chloride of sodium in 
solution ; and Schottin’s recent experiments on the constitution of 
the sweat have unquestionably shown its richness in this salt. 
‘When we consider that the scales of the epithelium of the mucous 
membranes as well as of the epidermis are moistened by a fluid 
which is more richly charged than any other with chloride of 
sodium, and when we observe that the greatest amount of this salt 
is found in the structures which are richest in cells, we sball 
scarcely he falling into error if we seek to establish a very intimate 
relation between the presence of this salt and the formation of 
cells. Now the horny tissues ant the hair, which consist to a 
great extent, or almost wholly, of cells, contain no very large amount 
‘of common salt; but this fact does not prove that the presence 
‘of this substance is immaterial to their formation for the cells of 
the hair and other horny tissues are either atrophied or 
whilst those of the cartilaginous tissues are still fresh, and henes 
serve to convey chloride of sodium. If the presence of this saltbe 
necessary for the development of the horny tissues, and 
of the hair, we have a simple explanation of the fact observed by. 
Boussingault in his experiments, that the growth of the hair was 
injuriously affected in those cattle which were fed without any 
admixture of salt in their fodder. 

Tn respect to the other mineral constituents which occur in 
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are forcibly reminded of the ancient saying of Aristippus, that the 
most probable is often untrue, and the most improbable truc, If 
Wwe are correct in forming a low estimate of the amount of our positive 
knowledge, we ought to exercise extreme caution in the selection 


the positive results of our obseryations and experiments. In our 
application of chemistry to physiology, we must he especially 
Hibasitrot ie aoe tart we ar he fandom propeons 
Sai a ips ne Nee otal tse fotgnion 

in chemistry, by no menns possess such a degree of scientific, or 
FAG Mie. tcattvess 05 Glass Wes tented OL Hae 
‘We must not forget that chemistry, like medicine and theology, 
although perhaps in a more limited degree, possesses a dogmatistn 
of its own. How many of the modes of consideration which are 
now valid in scientifie chemistry, are the mere provisional modes 
of expressions for certain groups of phenomena, whose analogy is 
obvious, but whose internal connection and relations of causality 
are alike incomprehensible and unknown! A chemist of the old 
school wonld be indignant if any one were to hint at the faintest 
doubt of the correctness of the hypothesis that chemical com- 
inations con only be effected in accordance with definite 
numerical proportions, or should venture to assert that gradual 
‘metamorphoses, which are alike independent of mathematical laws, 





‘We need not, however, encroach upon the sphere of vitality to 
ie aesemretsty wn perp deexse nesciet ey 
‘more general principles of chemistry. Many principles which 


a i 


to which it has led—been in turn subjected to every 
modification ? . ine 
‘We must therefore never forget, 


which they are reared is far less firmly established than the 
fundamental propositions of physics, We find that even in 
physics new chservations and discoveries are daily being made, 
which long continue to excite our wonder before we are able to 
reduce them to known physical principles. How 

attempts have been made to explain Leidenfrost’s 

And are there not many even at the present day who regard with 


the present day that we have had a direct. proof of 
‘the earth afforded us by Foucault. Yet how far 
behind physics in its fandamental principles! In 
SEM Sinaia wontnns ot they Sia 
expression, we cannot exercise too great caution in 
fore kn tt wll nt i at ue we ce ely 
porting one hypothesis by means of another, and that 
isey ia very often Tie snore thea. ba es a 


form. 

When, mindful of our fallibility, we once more 
character of the substances which nature employs to produce 
most varied effects in the living organism, and to realise the 1 
multifarious purposes, we are struck here, as 
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wonderful simplicity of the means or the forces by which the world 
of external phenomena is maintained in astate of incomprehensible 
alternation. There are only three groups of organic substances 
‘through which all the vital phenomena are manifested, and even 
these groups exhibit the most important internal co-relations. 
‘May we not conjecture, although we are still unable to prove the 
fact, that members of the group of fats may be formed, like those 
of the group of carbo-hydrates, from histogenetic bodies? And do 
not the members of the individual groups present such uniformity 
and analogy in their composition, and even in their properties, 
that the diversity of the processes to which they give rise is per- 
fectly incomprehensible? We are thus obliged to have recourse to 
isomerism and polymorphism asa prop to our ignorance, and as 
the means of affording us at least some clue to the manner in 
which protein-bodies, which appear almost identical, can be 
exhibited under such numerous modifications of form, and can 80 
variously influence the mechanism of the living organism. ‘There 
are almost inappreciably small differences in the composition and 
qualities of the substances which, as far as we know, are most 
homologous with ethereal bodies, viz., the fatty substances; yet 
the different fats do not produce the same or even analogous effects 
in the animal body. ‘The carbo-hydrates, which to a superficial 
observer might seem to be destined solely to undergo disintegration 
in the animal body, exhibit the most various metamorphoses and 
subdivisions before they are fitted to perform their part beneficially 
in the apparent intricacy of the vital phenomena. Potash and 
soda, for instance, are substances which the chemist finds it 
extremely difficult to keep asunder in his systems, and which 
frequently appear to replace one another in the mineral kingdom 5 
yet they are employed in life to maintain the most strikingly op- 
posite conditions; whilst carbonic acid, the weakest and most 
volatile of all acids, is occasionally made to perform the same 
service in the organism as the powerful and solid phosphoric 
acid. 

Tt might here be asked whether nature has not cmployed 
forces peculiar to itself in regulating, with these few means, the 
internal economy of animal life, while we are admiring the insig- 
nificant expenditure of force which is required to convert these 
changeable bodies from one form to another. When we see how 
readily the largest quantities of starch or cane-sugar are converted 
into grape-sugar by almost inappreciable quantities of diastase or 
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of acids,—when we further bear in mind what slight means suffice 
to convert oxide of ethyl into methyloxalic acid, or oxide of 
amyl into valyloxalic acid—and when, finally, we consider the 
various modifications which the protein-bodies experience under 
the action of the ordinary atmospheric influences, causing them 
‘even in some cases (as we see in putrefying cheese) to be partially 
|,—we can scarcely conceive that any special expenditure 
of force is necessary to move these masses in the manner indicated. 
Although we must not suppose that isomerism and 
or even the laws of ordinary chemical affinity, are able to afford a 
true explanation of these ‘and modifications of 
five cates itcannot bo: doabiel Gat the acne 
employed within the sphere of life as those which act in the 
external world, and that a very slight increase of intensity is alone 
necessary to produce the effects which we perceive in life. If, 
however, the organism requires so slight a development of foree to 
effect these changes in matter, we shall hardly deem it necessary 
to assume the existence of a special force of great intensity and. 
applicability to effect. the ever-marvellous movements of organic 
matter; but are rather led to the belief that the same simplicity 
which nature exhibits in the use of material means, is unfolded on. 
grander scale in the application of her forces. 





Diorstioy. 


Asin the second volume of this work, we have treated of the 
different juices which take part in the digestive process, and have 
attempted to determine the functions which nature hs: 
to cach of them, it might appear advisable, before reviewing this 

process as a whole and in a general point of view, to examine more 

cnt jet of gin, that is to say, the nutrient matters 

themselves in their relation to. this process ; but as we have there 

assumed that the reader possessed a general knowledge of the sub- 
ject of nutriment, it will here be our best course to discuss the pro- 

cess itself, before entering upon the digestibility of individual arti 
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chemistry to physiology, and to afford a scientific explanation ofthe 
(aaigtilpeioerien it an (been baliaved'that the digortive fpracends 


digestive process 
It is needless to name the great work of ‘Tiedemann and Gmelin, 
ie eel Sa prasent dy we imately Get hi sh ey 

Of wdniabe herations, fresh motives to new expiants and 
to new views; witness the numerous meritorious investigations 
which have been pursued in the Giessen laboratory, on the chem- 
istry of the juices, and of the materials on which they act, The 
barbarous! 


‘under the superintendence of Wagner) when reports reached us of 
wonderful discoveries emanating from the Dorpat laboratory, and 
throwing an unexpected light on many points connected with the 


process. 
Bat if, in such a department as this, where we seem to be deal- 
ing with the most direct actions of chemical forces, we are obliged 
to admit that the results which to-day we appear to have obtained 
by the most direct experiment and the most positive observation, 
are to-morrow rendered doubtful by other experiments and other 
‘observations, we should, at all events, learn to exercise caution in 
‘expressing our opinion even on apparently the most exact observa- 
tions, ‘Did it not appear to be an established fact that luctie acid 
is always present in the gastric juice?—and yet, in many cases, 
C, Schmidt hs demonstrated its absence and the presence of free 
hydrochloric acid ; and even at the present time does not Blondlot 
‘sill retain his earlier view regarding the presence of acid phos- 
hate of lime in this fluid? Who could expect that after Bernard’s 
‘most recent experiments on the influence of the pneumogastric 
nerves on gastric digestion, their influence would be disproved, or, 
at all events, rendered questionable by the most positive experi- 
ments? When fat is broughtin contact with the panereatic juice, 
French observers recognise its immediate disintegration into fatty 
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acids and glycerine, while Germans can 

two substances form even an emulsion, ‘To speak 
are unable to find any motive for the action of the 
effusion into the intestine, from the many 


‘may we not hope to obtain from Tnivipvcoulnad eepataae 
regarding the influence of the nerves on the sceretion of the diges= 
tive juices! In short, the intestinal canal always. presents itself 
to us asthe scene of a number of highly mysterious 
our ideas still range unsatisfied around the as yet unopened portals: 
of this almost impenetrable subject. Hence, if we sce even the 
ost acute investigators rapidly passing from one view to another, 
‘we must recollect that what we regard as true is in this case alveays 
dependent on the stage of development which slentifc inquiry ag 
attained at the time. 
In the digestive process, as in many other phenomena in the 

living body, it might seem possible to anticipate the laws accord 
ing to which these processes, which are still obscure to ts, run their 
course; but we are as little able to draw any conclusions 
the causal connexion of the phenomena as regarding the primary 
object of each perceptible action, Hence we must rest satisfied, 
according to the manner of our forefathers, with a mere representa 
tion, when we are unable to apprehend the internal connexion of 
different phenomena. ‘Thus we bave such a 
for instance, we compare the digestive canal with its minutest 
absorbents to the roots of a plant, and then show that the animal 
carries about and contains within itself the roots or 
Bo chine x epee oer 
rooted in the soil from which it draws its nutriment, ‘The more 
siti ned eprestyspplinble ck peers aes 
appear, the more glaringly obvious become the differences on closer 

investigation, and hence we may perhaps be permitted to devote = 

consideration Hin 
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finest ramifications terminate blindly in minute projections of the 
inner surface of the intestine, and seem to be specially designed 
for the purpose of absorption: besides these innumerable media 
for absorbing the soluble substances from the chyme, we likewise 
find in the intestinal tube certain glandular or capsular organs, 
which according to recent views are regarded as being connected 
with absorption rather than with secretion. 

At the first glance it might appear inappropriate to begin our 
consideration of the digestive process with its actual termination, 
that is to say, with absorption ; but independently of the fact that 
we have already, in the second volume, entered somewhat fully 
upon many subjects having reference to digestion, in our remarks 
upon the digestive juice, we are the more resolved to commence 
here with the final ‘result, inasmuch as we can thus better take 
a general review of the whole process. If by the term digestion 
we understand that process by virtue of which nutriment is trans- 
‘mitted, in accordance with chemical and physical laws, into the 
circulating system for the renovation of those portions of the 
‘organs which have become effete-—and if we further establish the 
fact, that by digestion the food is reduced to a soluble state, or 
generally speaking, to such a condition that it is capable of being 
absorbed into the mass of the juices of the animal body, —we take 
the most natural starting-point, not merely for forming an opinion 
regarding the proximate object of digestion, but likewise for attain- 
ing a deeper insight into the different actions and reactions between 
the food and the digestive j For if we only establish the 
proposition, that the intestinal absorbents possess no specific in- 
welling property totally different. from other physical forces, and 
that they no more enjoy a distinct elective power than the radicles 
of plants, it obviously follows that in the various arrangements 
which occur in the intestinal canal in connexion with the process 
of absorption, the difference in the agents of absorption must cor- 
respond with the different physical and chemical characters of the 
substance to be absorbed ; and this leads us to the idea, that food 
(whose nutrient power, moreover, has nothing to do with the ques- 
tion of digestion) stands in as close a relation to the organs of 
absorption as to the solvent and digestive juices. ‘The group of 
molecules entering into the composition of a substance, whether we 
consider the point chemically or physically, must regulate its 
general behaviour in relation to the agents concerned in digestion 
as well as in absorption and hence the agents concerned in diges- 
tion, that is to say, the juices effused into the intestinal canal and 
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the organs of absorption, must sonia ant Se 


‘according to the manner in which they are absorbed in the intes- 
tinal canal, such an arrangement must coincide pretty oe 
the ehnages wii he titeene cca of Sat cog 

different digestive fluids. Hence it would be by no pet 
irrational proceeding, if we divided the different articles of food, 
first, into such as are introduced in a state of solution into the 
intestinal canal, and consequently are at once diffused and distri 
‘uted generally through the animal juices; secondly, into such as 
are rendered soluble by the digestive fluids, and in this condition 
are, like the former, more or less diffusible ; and lastly, into such 
as, either dissolved or undissolved, must be first 

by certain digestive fluids, and even if soluble, do not undergo a 
simple diffusion, but are conveyed by some special routes into the 
blood and the body generally—by routes on which they undergo 
certain, although perhaps swall changes before their entrance into: 
the blood. 

If, therefore, we would study the digestive process in the more 
highly organised animals, and would not merely consider the food 
in connection with the juices to whose digestive action it is 
‘submitted, but also in reference to its passage into the blood, we 
must especially take into consideration the organs of digestion, 
and the laws or conditions under which absorption proceeds. Tf 
further it would appear that the mechanical arrangements which 
are exhibited in the organisms of the higher animals for the pur 
pose of aiding the chemical actions of the digestive fluids, and of 
promoting the trausition of the materials prepared for nutrition 
into the general mass of the juices, do not directly pertain to the 
department of physiological chemistry, we must not overlook the 
fact, that on the one hand, no definite limits ean as yet be drawn 
‘between the actions of affinity and purely mechanical molecular 
motions, and on the other, that a scientific comprehension of the 
whole process from a purely chemical point of view would be 
impossible. IF we here recur to the previous comparison between 


proceeds. ‘These resorbing organs are the minute capillaries which 
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ran through the whole intestinal canal, almost from its beginning 
to its termination. 

Tn the root-fibrils of the higher plants, whose leaves, twigs, 
stems, and coarser roots are, as is well-known, invested by a 


organs corresponding 
eafeerpiogy bad ows of cle wil tres to daliony of ele 
Rae See maith tei Tt requires no 
‘knowledge of vegetable physiology to comprehend 
peoaaeiege the life of a plant, and even for some time after its 
eath, the cells of the root-fbrils continue to have the opportunity 


the enormous evaporating surface which plants present in their 
Teayes and their stomata, and how these organs are exposed to 


the leaves nnd in their vicinity gradually become concentrated, and 
how the cells inclosing them must collapse if those in their imme- 
diate vicinity do not transfer to them a portion of their water ; their 
own fluid contents thus becoming more concentrated, and a neces- 
sity for a continuous transthission of a similar kind downwards to 
the cells of the root-fibrils being thus established. At certain 
periods the formation of organic matter from the previously liquid 
or gaseous nutrient matter of the plant may also, in no slight 
degree, contribute to the increased. concentration of the cell-juices, 
‘and may thus react on the absorption through the roots. Finally, 
if'we bear in mind that the cells contain solutions of protein-sub- 
stances, dextrin, sugar, &c., substances which possess far less 
Aiffusibility than the salts which are contained in the moisture of 
Sgn ety} wins int pan pepe thf ote 
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‘capillaries, which form a network around the intestinal canal, 
constitute the medium through which a great part of the fluid 
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dilute solution of perchloride of iron into the other end, so that a 
current of the solution of the salt of iron continuously runs: 
through the gut lying in the solution of 

potassium, When the two fluids which are separated by: 


of potassium passes 
(as may be readily seen by the deeper red colour of the fiuid om 
the: side of he perehlorie of Son); My owerer i Gina 
the perchloride of iron only run in a slow current, we observe that 
the solution of sulpbocyanide of potassium is far less colou 
while if it run through the membranous tube in a very 1 
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stream, we can scarcely observe even a faint red tint in the solution 
of sulphocyanide of potassium, 

If we observe far more favourable conditions in the sources of 
‘absorption in the intestine than in the roots of plants, this is 
mainly owing to the circumstances by whose reaction the con- 
tinuance of the absorption is controlled. It need hardly be 
observed that the rapid absorption of aqueous fluid would very 
‘soon thin the blood and the whole mass of the juices to such an 
extent as finally to put a stop to any further endosmotic action. 
But the animal, and more especially the human body, presents two 
‘means for removing the excess of water from the blood; one of 
these is tolerably analogous with what occurs in vegetables, whilst 
the other is peculiar to certain of the higher animals, including 
man. Like the leaves of plants, the lungs, and in part also the 
skin of animals, present 20 large an evaporating surface to the 
atmosphere, that here, as in the leaves, an extraordinary quantity 
of water is volatilised. According to Lindenau’s approximate 
calculation, the surface of the lungs of an adult man amounts to 
2,642 square feet, whilst the surface of the skin cannot be 
estimated at more than 12 square feet, and even if we assume the 
area of the much-plaited internal eurface of the intestine to 
measure 24 square feet, the excessive difference between the 
absorbing and the evaporating surface will be sufficiently mani- 
fested to elucidate this admirably contrived mechanism. The 
evaporating surface is not, however, so readily exposed to the sir 
in animals as in plants; for, even under ordinary circumstances, 
large portions of the evaporating membranes are so closely 
approximated and even collapsed together, that they are rendered 
almost inefficient ; for the pure, comparatively dry atmosphere does 
not come in direct contact with these evaporating surfaces, but in 
general only a mixture of air considerably impregnated with 
aqueous vapour. To this we must add, that the ingestion of fluid 
food is, to a certain extent, a voluntary act in animals, and hence a 
much larger mass of fluid may readily be conveyed to the intestine 
than the pulmonary and cutaneous evaporation can remove,—a cir- 
cumstance which might readily induce a disturbance in the whole 
mechanism. Finally, we must remember that a large quantity of 
water is generated in the animal even by its vital processes, which 
must contribute towards the attenuation of the juices, whilst 
organic substances are generated in the plant by the decomposition 
of water, and the juices of the cells are thus rendered more highly 
concentrated. 
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Owing to these relations, it may readily and | 
insufficient to counteract 





the part taken by the kidneys. in accomplishing 
the higher animals, although this is absent in birds, which 
only little fluid, whilst they exhale a large quantity of aqu 
‘vapour eet erp tow ond is ea 
do not drink, and exist under peculiar relations. 

‘This brief notice of the mechanical lations existing between 
evaporation and the ingestion of fluids into the Pe 


tape isu Lan me Ry ‘other and special ab- 
sorbing vessels, namely, the lacteals. Whilst in = past age the 
transition of fluids from the intestine to the kidneys was on 
jeotured to take place through “vie senetee ae 
eon ie Fs oot Sonat liquefied 

matter passes into the blood, and which, although not 
devoid of purpose, appear to us almost superfluous when we Te 
member the power of absorption possessed by the blood-vessels. 
‘Our knowledge of this fact should teach us not to overlook those 
phenomena which we cannot freely deduce from the known pro- 
positions of the statics and dynamics of molecular motions, 
should remind us that cases very frequently occur in ph 
‘as well as pathological conditions, where the capillaries will appear 
to be either unsuited or inadequate for the purpose of 
when judged by the endosmotic actions with which we have 
become acquainted. It too often happens, that when a 
physical discovery has been made, it has been hastily applied £0 
all analogous relations in the living organism, without 
that the sum of the existing conditions must give rise to the most 
‘various modifications of the newly discovered physical 
"Thus, for instance, on eonsidlering more carefully the 
resorption through the intestinal veins, we are struck by as 
‘cession of contradictions, which do not admit of being 
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simply to known endosmotic relations, We shall meet with a 
considerable number of substances which, although they are ex- 
tremely soluble, and occur in very dilute solution, are unable to 
enter directly into the intestinal capillaries, while there are many 
substances which only reach the blood indirectly through the 
lacteals. Although such facts as these strike us at the first glance 
as singular, we must not forget that the relations existing between 
the dissolved parts of the intestinal contents and the veins of the 
intestine are less simple than the above description might lead us 
to infer. These fluids, and the walls of the intestinal capillaries, 
are separated by at least one dense layer of epithelial cells, which 
are further surrounded by a more or less dense network of 
filaments of connective tissue. We are unable at the present time 
to determine what modifications these thick layers of organic 
matter induce through the results of endosmosis, and consequently 
also of absorption, but that they do effect such changes has been 
proved beyond a doubt by numerous experiments on endosmosis, 
which agree in showing that an endosmotic motion is succeeded by 
numerous alterations depending upon the thickness of the mem- 
brane;its morphological and chemical character, the chemical consti- 
tution of the fluids between which the interchange is going on, &e. 
We know that the difference between animal membranes exerts an 
essential influence on the endosmotic process, although we are 
still far from knowing how a mucous membrane, a serous mem- 
brane, &c., is able to induce or to modify an endosmotic process. 
We know, further, that external pressure powerfully influences 
‘endosmosiss and Lichig’s beautiful investigation affords an example 
how, in consequence of different pressure, we obtain an opposite 
result from what the fundamental principles of endosmosis would 
have led us to expect; but we are not acquainted with any mathe~ 
matical connection between the amount of the pressure and the 
velocities of endosmotic motion. The influence exerted by the force 
of different pressures is of the greatest importance in the process 
of absorption by the intestinal capillaries, for we need scarcely 
‘observe that the pressure to which the blood is exposed in the 
capillaries must contribute very essentially towards the abundant 
absorption of matters from the dilute solution of the chyme- 
constituents, If we know the law of endosmosis, in its simplest 
expression, we are still totally unable to classify according to 
simultaneously prevailing conditions and definite general formule, 
the differences of its actions: Notwithstanding the efforts of the 
most distinguished inquirers, such as Poisson, Magnus, Briicke 
VoL. Il, 8 























ABSORPTION. 259 


qualities in the same substances. We will here only refer, by 
way of example, to a group of properties exhibited by soluble 
bodies which stand in the most intimate relation to one another 
for each individual body. It cannot surely be denied that the 
degree of solubility of a substance stands in a definite relation to the 
coefficient of condensation occurring during solution; and who, 
moreover, could venture to question that the diffusibility of a sub- 
stance must stand in certain relations of dependence to its sola- 
Dility ? and do we not proclaim our belief in the intimate connection 
between endosmosis and the diffusion of fluid bodies, when we 
regret that we should hitherto have followed a wrong direction, 
and studied the more complicated processes of endosmosis before 
we had attempted, as Graham has now done, to refer the pheno- 
‘mena of diffusion to definite laws? Our knowledge is indeed not 
yet s0 far advanced as to enable us sharply to define these con- 
ditions and relations of dependence, or the connection existing 
between these different properties; but, at all events, this much 
is clearly shown, that all these properties are not merely con- 
nected together, but that they are also placed in the most intimate 
connection or relation with certain fundamental qualities in each 
individual substance. The undeniable importance which this 
relation of the integral properties of a substance must exert upon 
it during its entire passage through the animal body, must serve as 
‘our apology for entering somewhat fully into this question. It 
hhas generally been customary to understand by the term solution 
simply an uniform distribution of the molecules of the dissolving 
‘substance amongst the molecules of the dissolving menstruum ; 
and on this account it has been proposed to apply the term 
dissolution* (Aufiésung) to those cases in which the solution 
(Lésung) is evidently accompanied by simultaneous chemically 
attracting forces. But, in point of fact, such a distribution of 
the molecules of a solid body amongst those of a fluid never 
occurs, as far as our knowledge at present extends, unless we at 
the same time observe, on comparing the sum of the original 
volumes of the substances to he mixed with the volume of the 
mixed body, that the entire volume has heen diminished by con- 
densation, ‘The merit of having confirmed this fact appertains to 
C. Schmidt, who has also determined for many substances the 
degree of condensation exhibited in their solution in certain 








'* [I merely use this word for want of » better. We have no two words 
‘which bear precisely the same relation to. one another as the two German words. 
0.2.9.) 
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that the degree of solubility of substances has not yet admitted of 
being brought into definite relations to their chemical constitution, 
or even to any other of their properties. Even the coefficient of 
condensation cannot be regarded as a standard for the amount of 
this attraction between water anda solid body; for even in the 
attraction which regulates the chemical combination, it is of no 
consequence in reference to the determination of its amount ; nor 
has any definite relation been discovered between the modulus of 
condensation of these bodies and any one of their integral properties. 
Even the degree of diffusion of soluble bodies does not readily 
give the amount of attraction between the solid and the fluid; but 
its dependence upon weight seems to be very clear from Graham's 
investigations. Although no definite connection can be estab- 
lished even from these three intimately allied relations between 
water and soluble bodies, we yet learn from previous observations, 
that certain relations, which are at all events analogous, may be 
determined for different well-characterized groups of bodies. 
‘These relations, however, acquire so much the higher signification, 
since they are more especially reflected in the groups of substances 
which play a considerable part in the animal body, and are thus of 
great importance in our discrimination of the products of the meta~ 
morphosis of matter and of absorption generally. C. Schmidt 
found that the coefficients for 10 per-cent. solutions of chloride 
of sodium, grape-suger, and albumen, were 1°505, 0°76, and 0-420. 
Graham observed the following proportion for the diffusibility of 
‘these three substances in 20 per-cent. solutions, namely, 100, 
45°36, 5°24. The analogy is here very great, although we may 
not be able to recognise any equal proportion in these numbers. 
Moreover, Graham’s provisional investigations show distinctly 
enough that there is a definite relation between the diffusibility and 
the specific weight of the diffusing fluid; hence the coefficient of 
condensation must have a direct relation to the diffusibility; at any 
rate we cannot at present overlook this relation. Urea here pre~ 
sents itself as an important exception ; the coefficient of conden- 
sation of its 10 per-cent.-solution was found by Schmidt to be less 
than in any other substance (=0'160), while its diffusibility is, 
according to Graham’s determination, exactly equal to that of 
chloride of sodium. 

‘Owing to the generally recognised and very comprehensive 
relation existing between the capacities for diffusion and transud: 
tion, it will not surprise us to find that the endosmotic equivalents, 
when calculated by Jolly’s provisional method, should corresyou’. 








relations which exist amongst them. For how 


‘practicable, or, in other words, how can we refer pheno 
Jaws, when we are ignorant of the laws themselves? 
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&e,, &e.; and when all these qualities will be elucidated in their 
most intimate relations to one another. None of these properties 
should for the time to come be regarded as accidental, for in nature 
nothing is accidental; the different properties of matter are the 
necessary result of certain fundamental conditions. When once 
we shall be able to form a logical judgment of the nature of those 
substances in which vital phenomena are manifested, when sharply 
defined ideas of the diversity of matter can aid our judgment regard- 
ing the relations of each individual substance to the whole, we 
may perhaps be able to express, in the simple but clear language of 
‘mathematico-physical conception, those conclusions which are 
deducible from our sensuous observations of the movements of 
matter in the living body. We shall not on that account be less 
able to contemplate the wise arrangements of the animal organism, 
although we may no longer indulge in visionary dreams of the 
pirituality of matter, or seek to conceal our own inactivity in the 
incomprehensibility of nature; for these very arrangements are 
merely the perfected expression of that which may be attained 
by the co-operation of simple physical forces, when acting upon 
differently formed and qualified matter under the most various 
mechanical conditions. 

‘Although such a future may yet be far distant, and the attain- 
ment of such aims may require the most arduous efforts of many 
zealous labourers in science, we yet know the direction in which 
our endeavours will secure a satisfactory result in this department 
of our inquiries. We know what we have to seek, and, emanci- 
pated from a belief in supernatural forces of matter, we feel that 
‘we are not striving for that which is unattainable, but that every 
step and every scientific result, once gained, will bring us nearer 
to the goal of our desires. 

‘This being the point of view from which we began our analysis 
of the movements of matter in the animal organism, it will not 
appear singular if we commence the consideration of the process 
of digestion by establishing the qualities of the objects to be 
digested. The qualities which principally demand our attention 
are those which involve the different relations of such matters 
to water; for these essentially control the form and the nature 
of the absorption which the matters undergo in the intestinal 
canal, Now as all the properties of a substance stand in the most 
intimate relations to one another, we scarcely think that we shall 
be in error if we insist upon the existence of a certain relation 
between the capacity of a substance for absorption and its other 
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After it had been anatomically proved that the lymphatics and 
lacteals only communicate with the blood-vessels through the 
thoracic duct, the following experiments were instituted. The 
lymphatics or the thoracic duct having been tied, a substance was 
introduced into the intestine or into a loop of gut, which could 
either be easily detected chemically in the blood, or whose passage 
into the blood might be recognised by certain phenomena of 
poisoni Experiments of this nature were undertaken by 
Magendie,* Brodie,t Westrumb,t Emmert,§ Segalas,|| Mayer, 
Bischof,** v. Dusch,tt Kiirschner,tt and others, the principal 
object being to determine as far as possible the capacity of the 
Dlood-vessels for resorption. Another method employed to prove 
the transition of certain substances into the blood without passing 
into the lymphatics, consisted in examining the blood and the 
chyle a short time after certain substances had been introduced 
into the intestinal canal of an animal. Tt was shown that many of 
the matters which will subsequently be enumerated, might be 
found in the blood, but not in the chyle. Experiments of this kind 
were made by Flandrin,§§ Tiedemann and Gmelin,|\| Mayer,1T 
and more recently by Bernard ;##* the latter observer, moreover, 
essentially improved this method, by seeking in the blood of the 
portal vein for substances which had been introduced into the 
intestinal canal. As the lucteals convey the fluids which they 
contain with comparative slowness, it must be assumed that those 
substances which reappear very rapidly in the blood and in the 
excretions must be resorbed through the intestinal capillaries, and 
not previously through the lacteals, We may therefore, according 
to Westrumb, Stehberger, and others, recognise matters which 
are resorbable through the bloud-vessels, by the extreme rapidity 

* Précin do Physiologic. T. 2, pp. 205 et 279. 

+ Philos. Trans for 1811, p. 178. 

Untersuchungen ber dio Einsauguogekraft dar Venen. Han- 

over, 1025; and Meckel's Arch. Bd. 7, 8, 625, 640, 

§ Meckel Arch. Bd. 1, 8.178. 

L Magendie's Journal de Physiologie. ‘T-2, p. 117. 

4 Meckel’s Arch. Id. 3, 8.485, 

** Zeitech fat. Med. Bd, 4,8 62-71, und Bd, 8, 8, 99-308, 
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traverse the entire intestinal tract without being resorbed. We 
shall subsequently become better acquainted with those sub- 
stances which are exclusively or principally absurbed by the 
lacteals, whilst in the present place we will simply refer to such 
extremely soluble matters as gum, turmeric, &., which are not 
absorbed from the intestinal canal either by the blood-vessels or 
the lymphatics. To the last-named substances belong both the 
curare-veneno (which is probably identical with the woorara) and 
the poison of serpents. If from this we were to conclude, as has 
actually been done, that nature in her wisdom has closed the 
passage of this poison to the blood by both channels, the fact 
‘would scarcely impress us very powerfully, when we remembered 
that all access to the capillaries or the chyle was clike forbidden to 
the comparatively harmless gum or turmeric as well as to serpents? 
poison, which could only rarely find its way into the stomach, 
whilst it opposes no hindrance to the absorption of other poisons 
which rarely enter wounds but are of common occurrence in the 
intestine, ‘These considerations, together with the experiments of 
Boussingault and Bernard (which certainly still require confirma- 
tion), according to which on animal membrane that readily 
permits the endosmotic passage of saline solutions is completely 
impervious to curarine, emulsin, and diastase, sufficiently show 
that the law of a physical necessity is here involved. Considering 
the striking diversity of the above-named materials, we may still 
hope, notwithstanding our slight knowledge of the laws of diffu- 
sion and of endosmosis through membranes, to discover certain 
properties common to all these matters, on which we may suppose 
this great capacity for absorption to depend. It is generally ad- 
mitted that it is only soluble substances which admit of 
resorption ; but the degree of solubility in these substances is so 
different, that if there were not a number of very soluble bodi 
which were not capable of resorption, we yet could not ascribe to 
their solubility alone the capacity which they exhibit of being 
absorbed by the capillaries, Unfortunately the greater number of 
these substances have as yet been so imperfectly investigated in 
reference to their capacity for diffusion and to the endosmotic 
‘equivalent which is undoubtedly connected with it, that we are 
still unable to demonstrate the dependence of their capacity for 
absorption upon these properties; but the analogy between sub- 
stances found by Graham to be very diffusible and many of the 
bodies already referred to, lends the greater probobility to our 
conjecture; for we find that those substances which are very little 
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digestion, and the comportment of different substances while 
subjected to this process, we have nothing to add to the observa- 
tions already made, excepting to remark that we shall not here 
have to notice the digestive fluids with which these groups of 
substances are brought in contact, since these substances pass 
from the intestinal canal into the mass of the juices in the same 
‘unchanged state in which they entered it. The combinations into 
which some of these substances enter with acids during the process 
of digestion, can scarcely come within the scope of the present 
inquiry, since no essential change is produced by their action. 

In turning to the consideration of the individual objects of 
Aigestion, our attention is in the first place directed to a group of 
substances which have been distinguished by the irrational name 
of the carbo-hydrates, amongst which are included cellulose, the 
different kinds of gum, starch, inulin, lichenin, and the different 
kinds of sugar, 

Tt must be observed, in reference to cellulose or the substance 
of the vegetable cell, that it belongs to those substances which 
resist all the digestive fluids and other solvents; and, on account 
of this property, all those vegetable substances which essentially 
consist of this substance re-appear unchanged in the excrements 
of herbivorous and omnivorous animals. It must, however, be 
borne in mind that this substance (which Mitscherlich,* in his 
more recent experiments, found to be perfectly isomeric with 
starch and is represented by the formula Cy, Hyp Ojo, although 
its composition had been previously assumed by Mulder to be 
Cy, Hq, On) is very frequently found to be inerusted with some 
other perfectly insoluble substance, such as lignin or suberin 
‘When, as in the case of the Beaver, we find the whole stomach, 
and more especially the caecum, plugged, as it were, with fragments 
‘of wood and bark, without being able at the same time to detect 
any easily soluble nutrient substances—as, indeed, E. H. Webert 
and myself have frequently observed—we can scarcely avoid 
adopting the opinion that the digestive juices, at all events, of 
these animals, are capable of exerting a metamorphic and solvent 
action upon cellulose. This view of the subject seems also to 
gain confirmation from a circumstance especially noticed by 
E. H. Weber,t that in the beaver, those organs whose secretions 
more especially contribute towards the metamorphosis of the 
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metamorphosis and solution in the lower portion of the small 
intestine and in the large intestine, because the contents of these 
parts in the Beaver exhibit a strongly alkaline reaction. We must 
hhere also notice a conjecture, which has derived some degree of 
‘support from another beautiful experiment by Mitscherlich. ‘There 
exists a peculiar ferment for cellulose which is generated during 
the putrefaction of potatoes, and destroys the cellulose-cells 
without attacking the starch. Since, moreover, it is impossible to 
assume that the conversion of starch into dextrin and sugar by the 
saliva and pancreatic juice can take place without a special fer- 
ment, some probability certainly seems to attach itself to the 
conjecture that a ferment which can decompose cellulose also 
exists in these juices of the Beaver, and co-operates simul- 
taneously with the alkali in the digestion of this substance, But 
although anatomical facts, as well as chemical experiments, speak 
in favour of the digestibility of cellulose (at least, in the case of 
the Beaver), we cannot regard the view as perfectly proved until 
more direct proof of its correctness can be adduced. With a 
view of elucidating this question, I have frequently made a 
microscopical and micro-chemical examination of the contents of 
the small and large intestine of the Beaver, but I have unfor- 
tunately never been able to determine with certainty that the 
cellulose-cells obtained from thence exhibited chemical corrosion, 
or had been converted into a starch-like substance. 

Gum is another carbo-hydrate, concérning whose uses in the 
animal organism, notwithstanding its solubility, there is still 
considerable doubt. Although this substance is of such rare 
occurrence in the ordinary nutrient matters, even of the herbivora, 
that its co-operation in the process of digestion and its appli- 
cation to the metamorphosis of matter, can be of no great im- 
portance, its frequent therapeutical application as a dietetic remedy 
would entitle it to some degree of notice, even if its peculiar 
chemical and physiological relations did not demand our attention. 
In the obscurity which still involves the question regarding the 
digestion of gum, three possible modes of explanation present 
themselves; namely, that it is converted into sugar before its 
resorption ; that it is resorbed directly and without alteration ; or 
lastly, that it is not at all resorbed, and is consequently completely 
eliminated with the solid excrements. The first of these hypotheses 
is entirely disposed of by the result of our former experiments. 
‘We certainly know that gum, like other carbo-hydrates, is con- 
verted into grape-sugar after prolonged digestion in the dilute 
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borax, or with sulphate of iron (Lassaigne).# The animal was 
Killed at the end of three days, four hours after it had taken the 
last. dove of um (10 grammes ata time, but no trace of gum cold 

be discovered by means of these reagents, either in the very small 
‘quantity of chyle that was collected from the thoracic duet, or in 
the blood after the coagulation of all the coagulable matters and the 
exhibition of the aqueous extract. We cannot doubt, therefore, 
that even if this substance admitted of resorption, it must only 
‘pass in extremely small quantities, and very slovely, into the mass 
‘of the juices; nor can we assume the probability of its rapid con 
version in the blood, since all chemical experiments prove that 


ete oe arpa olailng soo eoerrpeieiek ek oneal 
Tabla substance, the question arises, whether Che foots bite 
ascertained from physical experiments on the diffusion oF trans- 
udation of gum, afford any explanation of the above-named 
physiological experiments, According to Graham, the diffusibility 
of gum is only half that of starch-sugar, and four or five times 
less than that of chloride of sodium, whilst, on the other hand, it 
is more than four times greater than that of albumen. Jolly 
found that the endosmotic equivalent of gum was considerably 
higher than that of sugar. ‘The simplest endosmotic 
with gum are, however, sufficient to show that animal mem- 
‘branes are not impermeable to that substance. Physical experi 
ments only prove, therefore, that gum penetrates through animal 
membranes less readily than many other substances; and it only 
remains to show by further experiments what are the mechanical 
conditions which cause s0 small a portion of gum to pass from the 
intestinal canal into the blood ; for the experiments which I have 
already mentioned do not by any means lead us to the conclusion 
that positively no gam is absorbed, for silicate of potash, borax, 
and sulphate of iron are such slightly sensitive reagents, that when 
applied to a mixture of organic bodies (such as we have here to 
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nothing more than that the Potiones gummose, which are such 
Sayoursa yoodcines with the pxyicas ofthe Seto 
yield to the animal organism only an extremely small 
material, and tat only of a nature to support the 
process; and that their uses—if they are of any 
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As an object of food starch is well known to be the 
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herbivorous animals seems to indicate that the amylaceous matters 
are here aguin exposed to the action of a ferment which exerts 


‘actnally yield such a 


ferment. We know that the first product: 


al 


into sugar, that we only rarely find it in the intestine, and then 


‘metamorphosed 
ower portions, but especially in the large intestine, into butyric 
acid, and in these forms is more rapidly absorbed than as 


sugar. 

Tnulin is affected by the digestive fluids in precisely the same 
‘manner as starch indeed it may be concluded from the investi- 
gations which I have instituted (which, however, were not of an 
accurate quantitative character), that this substance undergoes 
even a more rapid metamorphosis than ordinary starch. 

‘We now proceed to the consideration of sugar, and especially 
of glucose, which, while it certainly demands our notice in conse- 
quence of its frequent occurrence in articles of vegetable diet, is of 
greater importance from its being, as we have just seen, the most 
ordinary and normal metamorphic product of that most 
‘non-nitrogenous nutrient matter, starch. The question here at 
‘once presents itself—does true glucose undergo any further 


fat; and hence we should scarcely have occasion to refer more 
fully to the subject if we had not here to determine, at all events: 
approximately, the magnitude or extent of these metamorphoses. 
It is commonly assumed that the sugar which is introdneed into,or 
first formed within the intestinal canal is absorbed without further 
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sugar is converted into lactic acid is probably dependent in part 
fon the observed fact that the acid reaction of the intestinal con 
tents is not very great, and in part on the belief that sugar which 
isso readily soluble and is regarded as highly diffusible (not being 
found in large quantities even in the small intestine) must be 
Toso wt xtrcetiary rapide, nce sea hen Served, 
direct observations on the quantity of the Inctic acid formed in the 
intestinal canal are not practicable, we must look around us for 
other positive facts, which may support cither the one or the 
other view; such, for instance, as, if we could accurately determine 
it, the proportion of sugar that passes in a definite time into the 
blood or into the chyle, as its quantity in these fluids might be 
compared with the quantity of the sugar-yielding carbo-hydrate 
taken with the food. Although such calculations certainly might 
be made from the investigations previously in our possession, yet 
I preferred instituting certain experiments bearing directly on this 
question 
‘The experiments were made on horses, whose food consisted 
of mistaoof equal pars of boled and rw potato-tarch this 
xed with about one-twelfth of rye-bran, and formed into 
Tall of which fom 23000 to 8,000 grammes were dally given to 
the horses at intervals of two hours, ‘The quantity of starch in 





to the quantity of sugar contained in those fluids. 
‘The horse A took in the last 24 hours 1584 grammes of dry 


‘the animal had consumed 1350 grammes in 24 hours; conse- 
quently 1500 grammes of sugar must have been resorbed [nine 
parts of starch being converted into ten of glucose or grape 
sogar]. 


25 
‘The horse B consumed 1235°3 grammes of starch on the third 
day of the experiment; as 321°5 grammes of starch were found in 
* Ber. der ke sche. Gesell. der Wias. Jorg. 1880. 8.130, 
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the exerements, 9143 grammes of this substance, or 1016-4 
grammes of sugar, must have been resorbed. 

‘The horse C took 1871°8 grammes of starch on the last day of 
the experiment, and 413-2 grammes were found in the exerements5 
hence 1458°6 grammes of starch, or 1620-6 of sugar, must have been 
absorbed into the mass of the juices. 

Hence those sninels fhe seen ee 
sugar, 1382 grammes of sugar were, on an average, formed 
hours, and transmitted into the blood-vessels and lacteals, Aas 
animals were fed at short intervals of 2 hours, we may assume that 
57°58 grammes passed into the chyle or into the portal blood in ¥ 
hour, and consequently nearly 1 gramme in 1 minute. Now the 
‘movement of the fluid is not so rapid either in the lucteals or in the 
portal vein as to lead to the belief that the absorbed sugar is too 
quickly removed from the neighbourhood of the intestine, or 
from the abdomen generally, to admit of this substance being 
qualitatively, if not quantitatively, determined in one of these 
fluids. 

It has been formerly mentioned that it was only sometimes 





of this vessel, and found that the properties of this fluid, 

were different from those which 1 have described, the 

these discrepancies is very probably to be sought in the methods 

of obtaining the portal blood, ‘The proper method of 

not at first to lay open the whole abdomen, and then to make & 

regular dissection of the portal vein; for the blood of the 

hepatic veins in this case regurgitates, and a portion of it makes 

its way into the branches of the portal vein; and as the hepatic 
i iological elements, 





should make only a small opening in the abdominal walls, and 
reaching the portal vein as. speedily as possible, we should tie it 
at the point where it enters the liver. Even Bernard;* when he 
collected portal blood in this manner, never found a trace of sugar 
in it. In procuring the portal blood of the horses in these experi= 
ments, I guarded against the above-named source of error, and I 
never found sugar or even a trace of dextrin in it. wat 
Although T have often previously stated the procedure which 
adopt for the recognition of sugar, yet I would here remark, 
* Nowvolle Fonction du fio, Re. Paris, 189, 
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consequence of the importance of the case, that I obtained from 
one of the horses 69°4, from another 58°3, and from the third 77-2 
grammes of portal blood, and that I employed at least two-thirds 
of it for the determination ‘of the sugar. ‘The following was the 
method of proceeding —the blood after being neutralized with 
dilute acid and treated with four times its quantity of water, was 
coagulated by heat, the expressed and filtered fluid was evaporated, 
the residue extracted with spirit of 859, and the spirituous fluid pre- 
cipitated by an alcoholic solution of potash. ‘The portion insoluble 
in water was mixed with a little water, filtered, treated with dilute 
sulphuric acid, for the purpose of effecting the metamorphosis 
of any dextrin that might be present, and then examined for 
sugar. 

We feel inclined to regard as incapable of proof these singular 
facts (it being in direct opposition to the previously received belief, 
that the sugar passes with facility into the blood of the intestinal 
veins), and either to doubt the accuracy of the chemical analysis, 
or to get over the difficulty by assuming that there is an extremely 
rapid decomposition of the sugar in the blood. With regard to the 
first objection which might be, and actually has been, brought 
against this experiment, scarcely a larger quantity of blood is 
necessary for the quantitative determination of sugar in the normal 
fluid than was employed for this purpose in the above experiments ; 
Dut there must in every case be more sugar in the blood of the 
portal than in that of any other vein, and its existence there could 
not be altogether overlooked. If we should further assume that 
the sugar absorbed by the intestinal capillaries is rapidly decom- 
posed before it can reach the trunks of the portal vein, we must 
produce evidence that the decomposition of sugar proceeds far 
‘more rapidly in the blood of the intestinal veins than in any other 
blood. We have already seen in another place, that glucose, like 
all other kinds of sugar, when it is injected into a vein, very soon 
reappears unchanged in the urine; even when very small quanti- 
ties of glucose are injected, it admits of easy recognition in that 
fluid. Since it has been maintained that portal blood is rich in 
alkaline carbonates, we might be led to believe that it was the pre~ 
sence of the alkali which caused a more rapid decomposition of the 
sugar in the portal than in any other blood. ‘This abundance of 
alkalies in the portal blood might probably give some support to 
this view, if it did not happen to be a mere incidental circumstance, 
that is to say, if it were constantly present in portal blood without 
reference to the nature of the food which the animal had previously 
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taken; this, however, is by no means the ease. In‘ 
tigations regarding the composition of the blood 
Thave on several occasions (after ating Oo eae 
‘on bran) found the serum of the portal blood "poorer in 
salts than the serum obtained from the blood of the arteries or of 
the vena cava; thus, for instance, in one ease the serum of the 
arterial blood contained 0:3538, that of the blood of the rena eaea 
0°8873, and that of the portal vein 05214 of salts; these num- 
bers calculated in relation to the solid residue of the serum in each 
‘case give a similar result; in the solid residue of the serum of arte- 
rial blood the salts amount to &'3924, and in that of the wena cava 
to 8:5018, while in that of the portal vein they only reach 4°8958, 
Even in this portal blood, which was so poor in salts, not a trace 
of sugar could be found. 
Tt has been already mentioned (p. 234) that sugar, even when 
injected with one or two equivalents of alkaline carbonate, still 


cecbeg rea 
ice, therefore, it appears probable that only ttle sugar is 
Sealy the blood-vessels of the intestine, the 


‘as well as those recently made on the chyle of the above-mentioned 
three horses, are opposed to this supposition, It has been already 
mentioned (vol. ii, p. 286) that: it was only after the use of highly 
amylaceous fodder that I could detect small quantities of sugar in 
‘the chyle of horses, and in my latest experiments with the three 
horses I arrived at no result which would favour the view that the 
sugar is absorbed by the Incteals. If we assume that the average 
quantity of chyle which is poured into te bere a 
horse in 24 hours amounts to 50 kilogrammes [110-231bs.], as 
might be inferred from what has been already stated (see vol. fi, 
1p. 292), then in these cases, when digestion was constantly 

on, 37°4 grammes of chyle must haye passed through the thoracic 
duct in one minute. The quantities of chyle which I obtained 
from the thoracic duct in the horses A, B, and C, was 22567, 
18:184, and 25°616 grammes respectively. Now, according t0 
cour calculations, we see that about 1 gramme of sugar was resorbed: 
by each horse in 1 minute. If, therefore, the sugar has neither 
een taken up by the blood-vessels, nor has been previously meta- 
‘morphoved in the intestine, there must be about 1 gramme of 
sugar in 37-4 grammes of chyle; but if only 0-1 of a gramme 
‘of sugar were contained in this quantity of chyle, it would readily 
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be detected if we had from 18 to 25 grammes of the fluid for the 
Purpose of analysis. In the chyle of the horse A only 0-029§ 
of sugar was found, and in that of the horses B and C even less. 
‘The quantity of sugar passing into the lacteals is consequently 
very inconsiderable 

‘Do we then find in the intestinal canal itself any proof that 
the absorption of sugar takes place so rapidly as is commonly 
believed to be the case? Direct experiments, which I have insti- 
tuted with the view of determining this point, do not by any means 
support the above view. Fron 1 to 2 grammes of sugar obtained 
from starch (dissolved in 5, 10, 15, and 30 parts of water) were 
injected into the stomachs of rabbits weighing from 1°5 to 2°5 kilo~ 
grammes [from 8°3 to 5°5 Ibs-], and the animals (which had been 
allowed to take solid food both immediately before and after the 
injection) were respectively killed half an hour, 1 hour, and 2 
hours afterwards. Sugar could always be still found in the stomach, 
the duodenum, and the jejunum; in the animal that was killed 
after one hour, sugar was still found in the lowermost part of the 
ileum ; if the animal were killed in 1 hour after taking 2 grammes 
of sugar, this substance was found in no inconsiderable quantity in 
the cecum. The contents of the duodenum and jejunum, which 
were generally tolerably fluid and even limpid, had a very strong 
acid reaction, which was less strongly manifested, but was still very 
distinet in the contents of the ileum. ‘The contents of the ccum 
always presented a very strong acid reaction. Further, if rabbits 
were fed for several days solely with red beet, or solely with carrots, 
sugar (namely glucose) was found not only in the stomach but 
also in the duodenum in very considerable quantities ; in the jeju- 
num the quantity of sugar that could be detected was emaller, and at 
the lower part of the ileum this substance had entirely disappeared. 
‘The contents of the stomach exhibited a strong acid reaction, and 
those of the duodenum were rather less decidedly acid; on the other 
hand, the contents of the jejunum reddened litmus paper very 
intensely, while those of the ileum were less acid, although stronger 
than those of the cecum. 

‘These observations, which were formerly made by myself on 
cats, horses, and rabbits, have recently been confirmed by numer- 
ous investigations conducted in my laboratory, partly by Uble* and 
partly by von Becker.t 

Tt needs no circumstantial numerical proof, which indeed could 

















of the flow of the bile; for when the bile and pancreatic 
allowed free access to the intestine, we likewise find the 

the jejunum and ileum equally alkaline. "This much, however, 
may be inferred from the above experiment, that the free acid 
which we observe in the whole of the small intestine during a vege- 
table non-acid diet, or after the use of sugar, does not depend upon 
the gastric juice, but must have its source in the food itself. 


contents it is which induces this change. We have 

when the saliva, gastric juice, pancreatic fluid, and hile are totally 
excluded, the intestinal juice itself is able to effect the metamor= 
phosis of starch into sugar, and of the latter into Inctic acid. 
Moreover, starch was observed by C. Schmidt to be completely 
changed by the intestinal juice into sugar in 30 minutes, and into 
lactic acid in 5 or 6 hours. While we do not mean to deny that 
gastric juice (Bouchardat and Sandras), bile (yan den Brock) oF 
other fluids that make their way into the stomach, or, indeed, that 

* Verdauungssdifle und Stoffweebsel. Mitan, 1852, 8. 271 u 281. 
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from the gall-bladder. Bile that has been freed by alcohol from 
Sea tee afterwards been removed 


process of fermentation, and this substance acts 
the bile, and not more slowly when alone than when associated 
with that fuid, but a far more prolonged action is necessary than 
‘within the intestinal canal, 1 cannot be seen Moe 
lactic acid which is formed in these fermentation-experiments 
could be saturated by the alkali of the bile; for the quantity of 
‘Teale oubonais i ile ettoemely sali wad Cha ecole So 
in ether, which are liberated by the decomposition of the bile 
(and amongst which I could never detect lactic acid with certainty 
after twenty-four hours’ fermentation) exhibit a very strong acid 
reaction, 1 found that ox-gall containing mucus, to which 1 added 
sugar of milk, and which was kept at a temperature varying from 
20 to 40°, deposited in the course of two or three months a sedi- 
‘ment of crystalline cholic acid (Strecker’s cholacie acid); the 
supernatant fluid contained an alkaline acetate and comparatively 
little alkaline lactate. 

Lassaigne* was the first to observe that the pancreatie juice 


does not possess the property of effecting the metamorphosis of 


sugar. 

Tf we introduce a solution of grape-sugar into a tied loop of 
gut (at about the middle of the small in 
which Funke often attempted at my suggestion—we find that in 





itself is very pale and never inflamed (whereas loops of gut into 
which solutions of chloride of sodium of moderate concentration 
bese, bn ntroducd, oon ei a Sg a 
injection) ; the portion of fluid remaining in the loop never, how= 

ever, exhibits an acid reaction, At the first glance this experi~ 
ment appears to be in entire accordance with the view held by 
van den Broek and Heintz, that it is solely, by the influence of 
the hile that the metamorphosis of the sugar into lactic acid is 


therefore Eaerre pia CUpee rier 
is as powerless as the bile in inducing this metamorphosis, and 


* Journ, de Chim, méd. 1901. No, 2 pp. 9-71. 
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not be wholly overlooked; for we have introduced 
intestinal canal and the blood far more sugar than is ever found 
ther dig Ge digerdon of hu spine tor ol 


solutions of various strengths were introduced by the 
1 Zeiteche. {, wiss. Zeal. Dd, 9, 8,123, 








gation with the simplest and least complicated part of the inquiry, 
namely, "hth inion of tha aig he eon 








four hours, only 0231 of a gramme of sugar was resorbed from 
the former, while 0°225 of a gramme (or very nearly the same | 
‘quantity) was taken up from the latter. In several 
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precisely the opposite rule held good ; for 
it appeared that when equally large quantities of fluid were 
injected, the absorption of the saccharine solution stood in a direct 
ratio to its concentration; that is to say, that the more concentrated 
the solution is, the larger will be the quantity that is resorbed. 
Thus, for instance, in several experiments with solutions of sugar, 
‘one of which was four times more concentrated than the other, 
there were four times as much sugar taken up from the former as 
from the latter, in equal times; or, while in the former case 
90°63 of the sugar injected into the intestinal loop disap- 
peared, in the latter case only 80g were resorbed during the same 
time. 

‘These rules, as well as the previously mentioned fact, that the 
intestinal loop absorbing the saccharine solution must have a size 
proportional to the quantity of sugar, while an excess of sizein the 
loop exerts no influence on the absorption, are explained by those 
experiments of von Becker’s, which were instituted with the view 
of ascertaining the amount of absorption in different intervals of 
time, when equally large quantities of equally concentrated sacch 
rine solutions were injected. If we lay down a curve representing 
the amount of the absorption of sugar in the different intervals 
elapsing between the injection into the gut and the complete empty- 
ing of the loop, and based upon the sixteen experiments which 
‘were made upon this point, we see at the first glance that the 
absorption of sugar proceeds most rapidly at first, and afterwards 
more gradually. Four rabbits of equal size were always used in 
these experiments, and equal quantities of the same saccharine 
solution having been injected into equally large loops of gut, the 
animals were killed in 1, 2, 3, and 4 hours after the injection. 
(Inflammation was recognisable about 4 hours afterwards, at the 
places where the ligatures were applied.) Now if we perceive that 
the most abundant absorption took place at the commencement, 
that is to say, during the first hour, this is only a confirmation of 
the above law, according to which the resorption proceeds with a 
rapidity proportional to the concentration of the solution. If, after 
the death of the animal, we observe the degree of fulness of the loop, 
we find that after the first hourit is thoroughly filled and distended 
with fluid, if the solution that had been injected was tolerably 
concentrated ; the volume of the fluid within the loop must, there- 
fore, have considerably increased by the absorption of water from 
the blood of the intestinal capillaries. It follows from a careful 
comparison of the numerical results which have been thus obtained, 
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‘hence only a small quantity of suger, 
water, ean be given off; and we thus have an 
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of sugar in the injected solation, the absorption will be precisely 
the same in loops of the most varied size, provided the concentra- 
tion of the solutions be the same. 

‘These few indications are sufficient to show that the recognised 
laws of physics are perfectly sufficient for the explanation of the 
resorption of sugar in the intestine, and that we are not justified, 
from the facts in our possession, in referring intestinal absorption 
to special vital forces. Hence von Becker's persevering labours 
have advanced us a further step in the knowledge of the physical 
phenomena in animal life. 

Before we proceed to consider the relations of the fat conveyed 
from without into the intestine in the process of digestion, we must 
briefly direct attention to certain carbo-hydrates and non-nitroge- 
nous bodies which have not yet been mentioned. To begin with 
‘cane-sugar, Frerichs maintains, in opposition to Bouchardat and 
Sandras, that this sugar is not converted into any other form 
of sugar (as, for instance, glucose), either by the saliva or the gastric 
juice. My own observations do not lead me to accord with 
Frerichs’ view. It was only recently that I found in repeated 
experiments, that after rabbits had been fed with beet-root, glucose 
was invariably present in the stomach and duodenum, while cane- 
‘sugar was never found ; even when large quantities of cane-sugar 
were dissolved in water and injected into the stomachs of rabbits, 
glucose was the only kind of sugar that could be found an hour 
afterwards in the stomach and in the whole of the small intestine. 
Perfectly similar results have likewise been obtained by von 
Becker in the numerous experiments which he instituted on this 
subject; it was only rarely that he could trace cane-sugar so far as 
to the middle of the jejunum, even in those cases in which large 
quantities of this substance had been introduced into the stomachs 
of animals (cats and rabbits). Since neither the saliva nor the 
gastric juice is able to effect a rapid conversion of eane-sugar into 
grape-sugar (or glucose), it only remains for us to assume with 
von Becker, than this transformation of cane-sugar into glucose is 
produced by the action of the substances in a state of change which 
are always present in the intestine. 

Sugar of milk appears, both from my own experiments and 
from those of von Becker, to comport itself in the intestinal canal 
in precisely the same manner as glucose; it distributes itself very 
rapidly throughout the whole of the small intestine, and in about 
‘an hour after it has been swallowed may he traced as far as the 
eaeum ; but like glucose and cane-sugar, it occasions an intensely 
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adhere externally to the epithelium of the intestinal mucous mem- 
brane. The occurrence of these external globules on the epithelium 
is a perfectly natural phenomenon, and there is no difficulty in dis- 
tinguishing them from fat-globules within the epithelium and from 
other cells. Now if we consider the epithelial cells themselves, 
whether they are still adherent to the villi, or have peeled off in large 
thimble-like shreds, we very frequently find fat-globules in them, 
which, however, are not to be observed, or are few in number, after 
the use of food free from fat. During digestion the cylinder epithe- 
Tium is often somewhat distorted in form, and presents a distended 
appearance; the broad margin of the base of the conical cylinder 
epithelium is raised up into an extremely thin and hyaline, strongly 
‘convex, or perfectly hemispherical cover. Below the epithelium 
we perceive the lacteals commencing in small club-like dilatations, 
and surrounded by a layer of vesicular or cellular bodies, which 
appear asif they were imbedded in an undefined fbrous mass, the 
true parenchyma of the villi; more externally, near the peripheral 
investment of the villi with cylinder epithelium, there are not only 
the contractile fibre-cells which were first seen by Briicke, but also 
the small trunks of the blood-vessels which communicate with one 
another by a very fine network of capillaries. According to 
E.H, Weber,* there is, however, a layer of roundish cells, in addi- 
tion to the blood-vessels and lacteals, between the epithelium and 
the true parenchyma of the villi; in the fasting state these cells 
present a collapsed appearance, but during digestion they become 
filled and much distended. It is, moreover, worthy of remark, that 
very often (but not always) some few of these vesicles are filled 
with a dark granular matter, while the great majority, amongst 
which they are interspersed, are distended with a light fluid exactly 
resembling oily fat; we very often see a large vesicle (dark in 
transmitted, but white in incident light), and by its side another 
vesicle equally distended with a strongly refracting fuid; in addition 
to the very distended cells of these two kinds, which are for the 
most part situated on the apices of the villi, we always remark 
gradual transitions to minute granules, some of which are light 
and others dark, as far as the immediate neighbourhood of the 
finest ramifications of the lacteals in the villi. Funke has given 
accurate delineations of Weber’s preparations, in his Atlas 
(P. 8, F. 1,2, and 3). While Weber regards these light and dark 
vesicles as a layer of true cells between the epithelium and the 
parenchyma of the villus, and is consequently of opinion that the 
+ Miller's Arch. 1847, 8. 390. 
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will probably regard this mode of explanation as satisfactory. 
‘Thus, indeed, the absorption of fat in certain superficial parts of the 
villi could be explained ; but not the admixture of fat in their 
terior, since the fat in the minutest branches of the lacteals is seen 
to be in a state of extreme comminution, and is mixed with 
an albuminous fluid. Although the admixture of fat with an 
aqueous fluid is regarded as impossible upon the surface, yet its 
possibility is here being assumed where we can no longer make 
direct observations. All the former attempts to explain the diges- 
tion and resorption of fat are open to the same objections, since, as 
we have already mentioned (in vol. ii, pp. 102 and 115), the pro- 
erty of forming emulsions with oily fat, and, consequently, of pro- 
moting the resorption of that substance, has been ascribed by some 
physiologists to the bile, and by others to the pancreatic juice, 
although we know that the fatty particles of an emulsion very 
imperfectly, or scarcely at all, penetrate through a moist filter or 
a moist membrane. It is, however, impossible to deny that the 
emulsive condition of the fat essentially facilitates its resorption ; 
the bile may, at all eve ion with the panereatic juice 
and with the co-operation of the intestinal movements, reduce the 
fat to. state of emulsion, that isto say, diffuse it in minute particles 
through the watery fluid ; but this in no degree serves to explain 
the mechanical process of resorption. Since Bidder and Schmidt 
first proved by their experiments that bile was unquestionably 
necessary for the digestion of fat (see note to p. 105 of vol. ii, in the 
Appendix), von Wistinghausen* has succeeded, under their direo- 
tions, in discovering the physical conditions under which the 
resorption of fat occurs. He has ascertained that oil cannot be 
‘made to penetrate through animal membranes without considerable 
pressure, but that it may be forced through with comparative 
facility when the membrane is saturated with a fluid which adheres 
to, or hasan affinity for oil. When the membrane was moistened 
with a solution of potash, an abundance of saponified oil appeared 
on this side of the membrane in the course of 10 hours, under the 
pressure of a column of mercury of from 1-75 to 337 millemetres 
[or from “068 to “132 of an inch], and associated with it was free 
fat which had been mechanically borne along by the soap. When 
a mixture of equal parts of potash-ley and albumen was employed, 
the oil passed through the membrane even without pressure, 
although in very small quantity, while in this case also a soap was 
formed. The vil, however, passed through animal membranes, 
* Diss inaug. Dorp. Livon, 1861. 
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capable of being resorbed ; to this class belong not only the albu- 
‘minows substances, but also theit more or less remote derivatives, 
‘as or instance, many gelatigenous substances, and likewise a num- 
ber of less-known matters, as synaptase and diastase, the poison of 
serpents, curarine, &c. Hitherto attention has naturally been for 
the most part directed to the behaviour of the albuminous matters 
in digestion. We have already, when treating of the function of 
the gastric juice (in vol. ii, pp. 53-60), considered this subject 
somewhat in detail. We there showed that the albuminous matters 
are not merely dissolved by the gastric juice, but are likewise con- 
verted into matters which, although similar in their elementary 
‘composition to the substances from which they were derived, yet 
differ essentially from them in their physical, and in several of their 
chemical properties. We have proposed the term pepfones for the 
albumen, fibrin, casein, &c., after their metamorphosis by the 
{gastric juice, and we believe thatit is these peptones which undergo 
Tesorption in order to be again very soon converted in the lym- 
phatics into the well-known coagulable albuminous matters. We 
have been further taught by the experiments of Bidder and 
‘Schmidt, that the gastric juice which is secreted is far from being 
sufficient for the digestion of the protein-bodies necessary for nutri- 
tion (see the notes to the section on “Gastric Juice,” in the 
Appendix), and that the intestinal juice possesses in a high degree 
the faculty of dissolving the protein-bodies, and thus preparing 
them for being resorbed (vol. ii, p. 120). This metamorphosis of 
the protein-bodies, and their subsequent resorption, should, how- 
ever, be confined solely to the small intestine, which is the only 
part of the intestinal tract in which true villi occur; for if we 
had no evidence from comparative anatomy that the cecum and 
colon exerted only very little influence on the digestion of the 
albuminates in carnivorous animals, the direct experiments which 
have been recently instituted, partly by Steinhiuser and partly by 
myself, show that albumen and pieces of flesh when introduced 
into fistulous openings in the lower part of the jejunum, or into 
an artificial anus, pass off almost entirely unchanged by the rectum 
(see note to “The Intestinal Juice,” in the Appendix). 

‘We shall refer, under this fourth group of digestive objects, 
almost solely to the protein-bodies and their immediate derivatives; 
it is, however, not improbable that many other substances which do 
not possess the high physiological value of the albuminates, may 
yet comport themselves during digestion in a very similar manner, 
‘and wé have already mentioned the gelatigenous tissues in con- 
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‘of the animal, without any premonitory symptoms; and very 
similar, both in a toxicological and in a chemical point of view, is 
the poison of the viper, as well as those poisons which are pro- 
duced during contagious diseases, as hydrophobia, glanders, 
typhus, &c.; this view is, at all events, supported by the recent 
experiments of Renault,* who convinced himself that both car- 
nivorous and omnivorous animals could, without any detriment, 
feed upon the flesh of animals which had been affected with these 
diseases, while the juices of such flesh or similar effluvia, when 
introduced directly into the blood or into wound, occasion the 
most fatal effects. 

‘This peculiar behaviour of all these substances proves that 
they cannot be resorbed in an unchanged condition either by the 
capillaries or the lymphatics of the intestinal canal. Since most 
of them cannot be again recognised in the solid excrements, they 
must undergo so complete a change through the action of the 
digestive fluids, that when they at length make their way into the 
blood, they can no longer exert their former poisonous actions. 
Even if we cannot altogether agree with Bernardt in his view that 
animal membranes are absolutely impenetrable to these substances 
(emulsin, diastase, curarine, and the poison of the viper) this much, 
at all events, is certain, that these substances, like albumen, exhibit 
very slight endosmotie force. Mialhe and Pressatf have, more- 
over, recently attempted to show that the fresh albumen of the 
egg can only penetrate animal membranes when the latter have 
attained a certain degree of putrefaction; but repeated experi- 
‘ments with various animal membranes (previously treated with 
alcohol, and afterwards rinsed with water) have convinced me that 
they are not perfectly impenetrable by albumen, emulsin, and 
diastase. The only point which is established beyond all doubt 
is, that all these substances pass with difficulty through animal 
membranes, and that their diffusibility is extremely small. 
(Graham found the diffusibility of sugar 8} times as great, and 
that of chloride of sodium 19 times as great, as that of albumen). 
In the preceding remarks we can see the reason why the protein 
‘compounds, which are apparently ready to be applied at once to 
the purposes of nutrition, must first undergo a metamorphosis 
through the influence of the digestive juices before they are re- 
sorbed. If it were not for the gastric and intestinal juices, soluble 
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the Primum movens of the motions of the lymph. Since, more- 
over, Lacauchie,* Gruby and Delafond,t and more recently 
Briicke and Killiker, have witnessed obvious contractions of the 
villi, we can hardly doubt that it is these contractions which com- 
municate the first impulse to the motion of the chyle in the 
minutest ramifications of the lacteals, But although the discovery 
of fibre-cells in the villi has revealed to us the mode in which the 
commencing branches of the lymphatics are emptied, we have as 
yet made no advance towards the explanation of the manner in 
‘which these minutest lymphatic branches become filled. We have 
already mentioned that the capillaries of the villi present a closer 
resemblance than the lacteals to the root-fibrls of plants, in so far 
as absorption is concerned. In the lacteals there is neither any 
fluid which is so concentrated, nor any substance which is so 
soluble, as to occasion an attraction of the fluids from the intestine; 
and indeed the apices of the lacteals do not even float in the in- 
testinal fluids, which must pass through several series of cells, and 
then come in contact with the minute capillaries, before they reach 
the true lacteals. One might almost wonder that, considering how 
great the absorbing power of the blood-vessels is, and that all the 
fluids must pass over them, so much important nutrient matter 
can find its way into the lacteals. It would appear, therefore, as 
if only those matters were taken up by the lacteals which the 
Dlood-vessels can only absorb with difficulty, or not at all. From 
these considerations, based on anatomical structure, as well as 
from certain experiments which showed that many membranes 
are only permeable for certain substances (as, for instance, caout- 
chouc for spirit, and not for water, the bladder of the pig for water, 
and not for spirit, &c.), we have been led to believe, with Lotze,t 
that the coats of the blood-vessels on the one hand, and those of 
the lacteals on the other, have a specific action, and allow one 
‘substance to pass through them, but not another. But even if we 
assume that there is such a specific difference in the membranes in 
question, we yet obtain no explanation as to the special agent 
which forces the matters through the walls of the lymphatics. 
‘The walls of the lacteals present opposition to the substances 
which are heterogeneous to them, but they do not on that account - 
attract those by which they are permeable. The assumption of a 
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into play; but when we assume the concurrence of mechanical 
and chemical movements, we do not take into consideration the 
‘metamorphoses which the chyle undergoes in the vessels them- 
selves before it reaches the subclavian vein. Still less would we 
refer to the very hypothetical conversion of sugar into fat within 
the villi; but we might be led to conclude, from the striking 
difference in the optical appearance of the cells described by 
‘Weber, that, in addition to the mechanical absorption, certain 
chemical alterations actually occur in the villi; thus, for instance, 
if we find in a certain portion of the intestine many strongly 
refracting vesicles, we shall also find, somewhat higher up, where 
the absorption is half completed, many others which are granular 
and dark (appearing white in incident light), and some of which 
are paftially filled with a granular, and others with a lighter mass; 
and still higher up in the intestine we find only cells which are 
filled with granular matter. No conclusions ought to be drawn 
from these experiments of Weber, which we have only quoted for 
the purpose of showing that, even in an anatomical point of 
view, there is much to be done before we can hope successfully to 
arrive at any explanation of the process of resorption. 

Bidder and Schmidt have at all events the merit of being the 
first to determine directly the quantity of fluide which are poured 
into the intestinal canal as digestive agents. ‘The result of these 
investigations very considerably exceeds all the assumptions which 
had hitherto been made in reference to the amount of any of the 
secretions; who could have conceived, or ventured to assert, that 
the juices which flow into the intestinal canal in the twenty-four 
hours amount to almost the sixth part of the whole weight of the 
body? If we apply to the case of an adult man the quantitative 
relations of the individual secretions obtained for animals accord- 
ing to the above data, by Bidder and Schmidt, it follows from their 
calculations, that a man whose weight is about 64 kilogrammes 
[or about 10 stone] will secrete in the 24 hours, 


kilogrammes, containing 15 grammes of solid matter. 
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‘The quantity of fluid which passes from the blood into the intes- 
tine during the 24 hours is therefore far larger than the amount of 
blood which, according to the most probable recent determina- 
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quantity of water in the secretions increased, but that there is 
often a simultaneous augmentation of their solid constituents, 
which are separated with them from the blood. The effete matters 
undoubtedly often pass through this course more than once; thus 
we frequently see iodide of potassium pass into the saliva (as wit- 
nessed by myself), ferrocyanide of potassium into the gastric juice 
(Bernard), arsenic, lead, and copper into the bile (Meurer and 
others), and iron into the intestinal juice (Buchheim), all of which 
often remain a very long time in the organism before they are 
returned to the external world through the special organs of 
‘excretion. The elucidation of the above relations is perhaps one 
‘of the most important among the numerous interesting contri- 
butions to science which have resulted from the investigations of 
Bidder and Schmidt, who have conducted these inquiries with 
equal intelligence and perseverance. We shall revert to this sub- 
ject under the head of “Nutrition,” when we shall have to con- 
sider the intermediate metamorphosis of matter—that process 
which to a certain degree is effected in the living organism, inde- 
pendently of absorption and excretion, 

Important to physiology as is the knowledge of the in flu- 
ence exerted by the nervous system.on the molecular movements 
in the animal body, yet an inquiry of this nature, strictly speak- 
ing, scarcely belongs to the domain of physiological chemistry, 
seeing that we are still entirely ignorant of the chemical phe- 
nomena which are associated with the function of the nerves. 
Since, however, in the establishment of theories regarding animal 
metamorphosis, the existence of the nerves and their influence on 
the individual factors of this process have been almost entirely 
ignored from a chemical point of view, it might not be wholly out 
‘of place were we here to observe, that the more recent physio- 
logical investigations have established beyond all doubt the direct 
dependence of certain secretions upon definite parts of the nervous 
system. 

We have already frequently had occasion to refer to Ludwig’s* 
important investigations in relation to the secretion of the saliv 
It appears from these observations, that there is not the slightest 
amount of saliva secreted independently of the influence of the 
nerves, and that the secretion is not effected indirectly by nervous 
excitation, that is to say, through the agency of contractile parts 
or by increased pressure of the blood-vessels, but directly through 
the special influence of the nerves. 

© Op. cit. and Zeit. fat. Med, N.F, Ba, 1,8, 256-977. 
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juice was any longer secreted after the interruption of continuity 
of the pneumogastric nerves in the neck, and that there was no 
longer any true digestion of the albuininates in the stomach 
(whilst the digestion in the small intestine continued its undis- 
turbed course after such operations). In order more clearly to 
demonstrate this circumstance, Bidder and Schmidt instituted 
very careful experiments on four dogs, in which fistulous openings 
into the stomach had been made ; the result of these experiments 
was, that the quantity and the composition of the gastric juice, 
which was secreted after the course of the pneumogastric nerves had 
been interrupted, was precisely the same as in the normal state. In 
two cases, however, the quantity and the acidity of the gastric juice 
were not inconsiderably diminished, but after such an operation 
as the division of the pneumogastric nerves, 80 many of the vital 
functions of the animal become involved, that: this diminution can 
only be regarded as an indirect effect of this action, more especially 
as in both the other cases a more abundant and more acid gastric 
juice was secreted than is even commonly observed in the nornal 
state. Independently of the fact that the proportion and character 
of the constituents, both organic and inorganic, were entirely the 
same in the gastric juice after division of these nerves as before 
the operation, the above-named observers convinced themselves 
that such gastric juice, both within and external to the stomach, 
possesses precisely the same digestive powers os the ordinary 
secretion. Are we, then, justified, from these thoroughly exact 
experiments, in entirely denying to the pneumogastric the 
function of presiding over the secretion of the gastric juice? We 
believe not: for even the movements of the stomach, whose 
dependence on the pneumogastric has been quite decisively 
established, first by Weber, and subsequently by Reid, Bischoff,t 
and Volkmann, may often be perceived with scarcely any diminished 
intensity after division of the pneumogastrics, A nerve whose 
fibres form so abundant a net-work around the stomach can, 
however, hardly exert no influence either on its movements or on 
its secretion, especially when we recollect that Bidder and Schmidt 
have found that it is in no way connected with the sense of 
hunger. Volkmannt has certainly been led, from anatomical con- 
siderations, to the opposite view, in his experiments on the 
influence of the pneumogastric on the movements of the stomach, 
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‘The simplest mode of comprehending this idea will be to under~ 
stand by the expression the facility with which the nutrient fluids 
are able to prepare the substance for resorption, or the short- 
ness of the time in which the substance in question undergoes 
resorption, that is to say, the time at which it disappears from the 
intestinal tract. Yet how did inquirers formerly endeavour to 
decide the readiness and rapidity of the metamorphosis of nutrient 
matters? The determination of this question was mostly limited 
to this,—that the digestibility of compound nutrient matters was 
estimated by the subjective feelings which patients or con- 
valescents experienced after having partaken of them. Even if 
we do not take into account the innumerable deceptions which 
must necessarily be liable to occur, either on the part of the sub- 
ject of the experiment or of the person watching the result, an 
‘organism which is not in a state of health, and in which all the 
functions are not performed in a regular manner, cannot assuredly 
afford a nicasure of the greater or less digestibility of a substance ; 
for the power of a patient to bear one or other article of food 
must depend upon the nature of his malady. ‘Thus, for instance, 
it is é priori obvious that one patient will find no difficult 
bearing certain kinds of food, which may induce indisposition in 
another individual ; and every physician who has made it a point at 
the bedside to attend to the effects of different nutrient substances, 
as well as to observe the actions of medicines, must be familiar 
with innumerable instances of this kind. Experiments of this 
nature are, moreover, not practicable in the case of healthy persons, 
since they are not conscious from any sensations within themselves 
whether digestion is proceeding with slowness or rapidity. It is 
only in recent times, since we have begun to experimentalise 
scientifically, that attempts have been made to collect any definite 
positive facts, with the view of establishing the different digesti- 
bility of even the most ordinary articles of diet. Of this class of 
experiments, those of Gosse are the best known ; he possessed, as 
is occasionally the case, the faculty of swallowing air, and of thus 
distending the stomach to such an extent as to induce vomiting; 
and he employed this peculiar power in order to bring up food 
which had remained for different lengths of time in his stomach. 
Spallanzani* introduced perforated tubes or linen bags filled 
with different varieties of food, through the esophagus into the 
stomachs of cats, and observed in this way the time that elapsed 
before the various articles of food disappeared from the above~ 
+ Verwuche ber d, VerdauungsgeschStt Leips, 1785 
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ever, extraordinarily different even for one and the same substance, 
as, for instance, flesh, without our often being able to discover the 
cause of the difference ; this being a point which daily observations 
on dogs with gastric fistulte have placed beyond a doubt. It very 
much seems to depend on the quantity of the food taken at once 5 
if, for instance, we allow a dog to swallow a large quantity of flesh, 
fragments may be still found in its stomach after six, eight, and 
even ten hours, while smaller quantities often disappear after less 
than two hours. And a further reason why the results of Beau- 
mont’s observations cannot be specially applied to physiology or 
even to dietetics, depends upon the circumstance that he has 
either not at all or very inaccurately described the quantity of the 
food that was taken; and upon this circumstance may partly 
depend the great differences which are often observed in his 
observations, when made under apparently similar conditions. 

‘There are still to be mentioned the experiments instituted by 
C. G. Schultz,* who at a certain time after feeding dogs and cats 
with different kinds of food, killed them and examined the con- 
tents of their stomachs. These attempts, from the method by 
which they were carried out, would deserve great confidence if their 
results did not differ in so remarkable a manner from those 
obtained by Beaumont and others, that we are almost compelled 
to presume that there must have been some essential errors in 
them, The same is the case with the observations which Lalle- 
‘mand instituted on men with gastric fistule. Blondlot who first 
introduced into physiology the operation of artificial gastric 
fistula was so far from being able to attain to definite results, 
notwithstanding that his observations were made under far more 
favourable conditions, that he was led to express the view that the 
digestibility of different articles of diet depended solely on the state 
of the stomach at the time of the experiment, and that it is pure 
waste of time to Inbour at the determination of the digestibility of 
individual articles of food. 

These few instances are sufficient to indicate that moderately 
accurate determinations of the digestibility of varieties of animal 
food are involved in extraordinary difficulties even in relation to 
gastric digestion alone. At the present time we possess few expe- 
iments which can afford a fixed point of departure for the deter- 
mination of the digestibility of different kinds of food. 

My personal experiments, which have reference partly to dogs, 

* De alimentorum concoctione experimenta nova. Berol. 1834, 
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have recently so far modified the experiments of Spallanzani, who 
introduced the food enclosed in muslin bags through the gullet into 
the stomach, as to introduce into the stomachs of dogs, through 
fistulous openings portions of coagulated white of egg of definite 
form and definite weight, inclosed in similar muslin bags. ‘This 
method of procedure, which has been adopted by Bidder and 
Schmidt, as well as by Buchheim,* may be very advantageously 
employed in various investigations; the sole objection to it is that 
we can only employ extremely small quantities of the substance in 
question, and that even portions of the same albumen often require 
very different times for their solution ; this difference appears to 
depend as much on the varying density of the albumen (which may 
certainly differ even in one and the same egg), as on the different 
positions which the bag containing the albumen may happen to 
assume in the stomach. ,In Buchheim’s experiments, which were 
made with cylindrical pieces of albumen weighing 1 gramme (the 
stomach having been filled three or four hours previously with bread 
and curdled milk), it was found thatin 1 hour sometimes more than 
59, and in 2 hours even 93@ of the originally introduced moist 
coagulum of albumen were dissolved, although the amount was 
frequently far smaller. Here again we must give the widest 
scope to the idea of digestibility ; in 1 hour half of the compact 
mass of coagulated albumen, which presented comparatively little 
surface, was dissolved, while the gastric digestion previously took 
from 3 to 4 hours, Further experiments show us, that far more 
coagulated albumen is digested in 1 hour in the stomach of a dog, 
when that organ is empty, or when a long time has elapsed since 
the last meal was taken, than under opposite conditions,—when 
albumen in small portions, or finely comminuted, is introduced 
into the stomach than when a cylinder of albumen, of a gramme 
weight, is introduced,—when a freer motion is permitted to the 
pieces of albumen than was possible when they were inclosed in 
‘bags,—and lastly, when the experiment is instituted on a perfectly 
healthy dog than when made on dogs with fistulous openings. 
Hence we may foresee that large pieces of coagulated albumen and 
Tong boiled or more or less dried albumen, must require a compa- 
ratively long time for their solution, especially when the stomach 
has been very much filled with food, and digestion has been going 
on for sometime. Hence, independently of many other relations 
connected with special idiosyncrasies, it is extremely difficult, if 
nut impossible, to find any definite unit of conditions, according to 
© Deitrige zur Araneimittellebre. Leipeig, 1849, 8, 16-12. 
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‘undissolved; similarly small quantities of albumen, when intro- 
duced into an empty stomach without being enclosed, never re- 
mained as long as six hours in that organ, but passed for the most 
ppart in an unchanged state into the intestine. Beaumont assumes 
from his observations, that the average ‘period of digestion for 
hard-boiled eggs is about 14 hours. 

Frerichs has already shown by experiments on living animals, 
that Boiled fibrin is dissolved in the stomach far more slowly than 
the unboiled material; we arrive at the same result when both 
kinds of fibrin are treated externally to the organism with natural 
or artificial gastrie juice. 

It is a well-known fact, to which we have already frequently 
referred, that soluble casein, as it exists in milk, is very rapidly 
coagulated by the gastric juice, and then only very gradually redis~ 
solved or digested ; casein must, therefore, be the most indigestible 
of the unboiled protein-substances a difference is, however, even 
here observable, according to the more porous or dense condition 
of the coagulum, for, as we have already remarked at vol. ii, p. 55, 
the more gelatinously coagulating casein of women’s milk is, 
according to Elsisser, much more rapidly digested than that of 
cows’ milk, which forms in the stomach a compact lamp, generally 
coagulated into a single ball. Frerichs found that clots of casein 
disappeared from the stomachs of cats and dogs in about 24 hours, 
Beaumont, according to his observations, fixes a period of 
2 hours for the digestion of milk. Gosse classes milk amongst 
the most easily digested articles of food, which include, according 
to him, substances which are converted into chyme within 1 hour 
or 1} hour. 

Gelatin belongs to those substances which are most readily 
liquefied in the stomach; in Beaumont’s experiments all the gela~ 
tinous character of this substance disappeared after it had remained 
for 20 minutes in the stomach ; at the close of an hour no trace 
could be found in the stomach of 150 grammes of jelly which had 
been taken, ‘The digestibility of the gelatigenous tissues depends, 
however, entirely upon their aggregate condition, and is very con- 
siderably facilitated by their being previously hoiled. Frerichs saw 
the connective and fatty tissues (when inclosed in a thin muslin 
bag) perfectly dissolved in the stomach of a dog in 60 or 90 mi 
nutes after its introduction. It is obvious that tendons and carti- 
lage, and those tissues generally which are abundantly intersected 
with elastic fibres, belong to the least casily digested class of sub- 
stances, for we often find these parts only slightly altered, even in 
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for it is not till the connective tissue has been dissolved that the 
gastric juice is able to act, through the openings made in it, upon 
the sarcolemma and primitive bundles (see vol. ii, p. 127). On 
this account, true muscle does not actually belong to the class of 
easily digested substances. Frerichs found in the stomach of a 
cat, four hours after feeding, pieces of raw beef which were only 
softened on the surfaces. When portions of flesh, inclosed in a 
fine muslin bag, were introduced through a fistulous opening into 
the stomach of a dog, they did not thoroughly disappear until 
after an interval of from five to eight hours. 

Tt has generally been regarded as an established fact that raw 
flesh is much more difficult of digestion than boiled or roast meat ; 
the difference is not, however, very considerable, and it has been 
estimated by Frerichs at only half an hour. Nor need we wonder 
at this, for the advantage derived from the boiling or roasting, by 
which the connective tissue is loosened and the organic structure 
is partly destroyed, is in part counteracted by the albumen of the 
muscular juice as well as the syntonin being reduced to a state of 
coagulation. ‘The above-mentioned jelly-like swelling-up of the 
syntonin in acid fluids may, perhaps, jn a great measure contribute 
towards the difficult digestibility of raw meat. 

‘We have formerly had occasion to observe, that after an animal 
diet, muscular fibres, although in various phases of metamorphosis, 
may be distinctly recognised along the whole course of the 
intestinal canal; hence we see that the digestion of flesh is by no 
means completely effected in the stomach, and that its most im- 
portant histological element, the true muscular fibre, in aseociation 
with the sarcolemma, resists for the longest period the action of 
the digestive fluids ; indeed, during an abundant flesh diet, we find 
a large number of muscular fibres, morphologically unchanged, in 
the exerements, Hence in the case of flesh we can form no con- 
clusion regarding its digestibility from the duration of its retention 
in the digestive organs. When dogs are fed solely with flesh, we 
find that after 6 or 8 hours the greatest part has usually disap- 
peared, although small portions often remain in the stomach for 
10 or 12, or even 16 or 20 hours. In their observations on a dog 
with a fistulous opening at about the middle of the small intestine, 
Bidder and Schmidt found that most substances escaped in 5 or 6 
hours after a meal; and very similar results were observed in a 
man who was a patient in our hospital, and in whom there was 
‘an intestinal fistula at the end of the ileum. We may therefore 
assume that in the normal state the stomach is not engaged in the 
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an impeding action on the digestion of other substances in that 
organ, since, on the one hand, it liquefies in consequence of the 
high temperature, and, encasing as it were the individual particles 
of food, renders them proof against the digestive juices ; and since, 
on the other, it becomes rancid during ita long retention at that 
temperature, and forms volatile acids, which exert a very dele- 
terious, although not duly investigated, action on digestion. It 
must, therefore, be admitted that large quantities of fat are pre- 
judicial to gastric digestion, although, strictly speaking, there is no 
digestion of fat in the stomach. The digestion of fat does not 
commence, as we have already seen, until it reaches the small 
intestine, and even there it only takes place under certain limita 
tions. We have seen from the accordant experiments of Bous- 
singault on the one hand, and Bidder and Schmidt on the other, 
that the animal organism can only take up a limited quantity of 
fat in a given time; after animals were fed upon very fat flesh, we 
find that there were ejected from the fistulous opening in the 
intestine (in Bidder and Schmidt's experiments) grey masses 
which contained an abundance of fat, while only very slight 
remains of muscular fibres could be detected in them. Hence 
we can no more draw any inference from the retention of the fat 
in the stomach regarding the degree of its digestibility than from 
‘its passage into the small intestine and the solid excrements, 
Small quantities of fat meet with the means requisite for their 
digestion in the small intestine, and are there very rapidly 
resorbed. If we can draw any conclusion from the distension of 
the intestinal villi with fat, and the appearance of white chyle in 
their lacteals, we must regard the fat as very easy of digestion ; for 
in the course of from half an hour to an hour after fatty food or 
oil has been taken, we find in the upper part of the jejunum in 
dogs, cats, and rabbits (as I have very often convinced myself), 
not merely the epithelium filled with fat-globules, but also the 
lacteals with glistening white chyle. We have, however, formerly 
shewn (see vol. i, p. 265) that fat, when not mixed in too large 
quantity with the food, essentially promotes the digestion both of 
the albuminous and the amylaceous substances. 

Tt has been already fully shown that most vegetable substances, 
like the fats, do not undergo gastric digestion ; we cannot, there- 
fore, judge regarding their digestibility from their longer or shorter 
retention in the stomach, in the same manner as in the case of the 
albuminous matters. We have already expressed an opinion, 
founded on our own experiments, and differing from that of 
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in the small intestine, and, to a certain degree, also in the large 
intestine; for even if, in accordance with the observations of 
Bidder and Schmidt, we regard the secretion of the intestinal 
juice in the latter as inconsiderable, the enormous size of the 
excum in most of the herbivorous animals indicates that a very 
essential act in the process of digestion must take place in this 
region. The chief difficulty in connexion with the digestion of 
‘vegetables, therefore, does not lie in the stomach, and hence their 
retention in that organ cannot be strictly considered as « measure 
of their digestibility; and yet vegetables remain on an average 
longer in the stomach than animal food. Even after feeding an 
animal with bread, we may find the greater part of it in the 
stomach after a lapse of 3 hours, and the quantity hardly per- 
ceptibly diminishes till after 4 hours (Frerichs), and remains of 
bread are commonly found in the stomachs of dogs after 5 or 6 
hours, and often even after 8 or 10 hours: potatoes and other 
vegetables remain in this organ for a far longer times Frerichs, 03 
well as Bidder and Schmidt, have frequently found the remains of 
vegetable substances in the stomachs of dogs after the lapse of 22 
hours; and we have already mentioned that the stomach in many 
herbivorous animals is never completely empty. If we have thus 
established the point that the disappearance of an article of food 
from the stomach affords no proof of its digestibility, the next 
question that suggests itself is in relation to the conditions under 
which the stomach either retains or impels into the small intestine 
the more or less digested matters—a question to which, in the 
present state of our knowledge, we can give no satisfactory 
answer. This is one of the least important of the many problems 
whose solution must be left to future investigators, notwith- 
standing the admirable and comprehensive labours of Frerichs and 
of Bidder and Schmidt. Weare, however, here forcibly reminded 
of the fact, that notwithstanding the brilliant triumphs of science 
in this direction, we have as yet only gained the outworks from 
which further advances must be made. 

As we have limited ourselves in the former pages almost 
exclusively to the consideration of the principles which, in accord~ 
‘ance with the present condition of science, ought to guide us in 
our judgment of the digestibility of the different articles of food, 
some of our readers may miss the important aids and special 
indications they may here have hoped to discover in relation to 
medical practice; for many physicians seem to entertain the idea 
that physiological chemistry must be able to decide all questions 
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questions which it behoves the physician to determine, and which 
do not fall within the province of physiological chemistry. The 
latter science merely furnishes the physician with the fixed prin- 
ciples or scientific means necessary for enabling him to arrive at 
more exact knowledge of carefully observed practical facts on 
which to base a system of dietetics. Until the appearance of 
Moleschott’s admirable work,* most of the treatises on dietetics 
consisted merely of individual physiological facts carelessly con- 
nected with more or less well-grounded propositions; and while 
they were deficient in a logically strict treatment of these different 
propositions, they did not even give those minute observations 
with which many of the older practitioners had enriched the theory 
of dietetics; not unfrequently, indeed, we meet with an entire con 
founding of the ideas of digestibility, nutritive power, and the 
facility with which different articles of food can be borne. Such 
a proper elaboration of dietetics does not, however, fall within the 
province of physiology, but belongs exclusively to the practical 
physician. 

‘We cannot avoid offering a few remarks on certain miscon- 
ceptions which we occasionally meet with in reference to the 
value of physiological chemistry, in relation to Pathology and 
‘Therapeutics. Although we have endeavoured throughout the 
present work to draw attention to the deficiency of our knowledge, 
to refer all views and assertions to their true foundation, and to 
check as far as possible the haste with which individual observa- 
tions or discoveries have been applied to practice, we have been 
‘anxious to avoid those hasty and uncharitable judgments which 
‘we meet with from time to time both in literature and in medical 
practice. Physiological Chemistry has recently done more in 
destroying former illusions, than in furnishing physicians with 
new materials for further hypotheses. We may, indeed, instance 
many discoveries in Physiological Chemistry which have exerted 
adirect influence on medical practice, but the great number of 
deficiencies which still exist in this respect, hold out a prospect of 
ample return to future labourers. It is not the province of 
Physiological Chemistry, as a special department of science and a 
branch of physiology, to guide the physician within narrow limits 
by which he must bound his own reflections and investigations, 
and regulate his practice; for our science presents too many 
deficiencies within its own domain to enter upon a foreign pro- 
vince, whose possession has slready caused strife and jealousy. 

* Physiologie d. Nabrungemittel. Darmatadt, 1680 
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forming a scientific estimate of the quantitative metamorphosis of 
matter, and of the entire animal economy. On this account we 
consider it as the last link in the series in which we have treated 
of the solid and fluid parts of the animal body and its various 
functions. 

We should greatly err, were we to regard the lungs simply as 
organs of excretion, for they differ from other excreting organs, 
inasmuch as they not only excrete gaseous bodies, but also absorb 
certain elastic fluid substances. An interchange of gases is there- 
fore effected within the lungs. Although our notice of the respira- 
tory process must necessarily be especially directed to the higher 
pulmoniferous animals, we must bear in mind that that inter- 
change of gases which we term respiration is by no means solely 
limited to the organs known as lungs. As is well known, there 
fare many aquatic animals besides fishes which breathe through 
s, while insects are provided with a system of tubes (trachew) 
which take the place of lungs, and which, like blood-vessels, are 
distributed through all the tissues on which vital activity depends 
in these non-vascular animals—a circumstance of great importance 
in connection with the theory of the respiratory process. 

If the respiratory process depends essentially upon an inter- 
change of certain substances within the lungs, an accurate 
acquaintance with the substances whose constituent parts are thus 
interchanged is indispensably necessary for the scientific com- 
prehension of this subject. Thus, in considering pulmonary 
respiration, we must be accurately acquainted, on the one hand, 
with the constitution of the blood, and, on the other, with the 
character of the atmosphere, before we can venture to form a 
judgment regarding the interchange which takes place. We do 
not, however, purpose entering more fully into the close con- 
sideration of these two fundamental bases of the respiratory pro- 
cess, as we have already, in the second volume, considered the 
constitution of the blood and the amount of gases which it con- 
tains; and as we must presume that our readers are equally well 
acquainted with the chemical constitution of the atmospheric air 
and with the physical laws of the motion of elastic fluids. 

‘The causes which present themselves to our notice as essential 
agents in effecting that interchange of gases which takes place in 
the lungs of air-breathing animals may be of three different kinds, 
anatomico-mechanical, physico-chemical, and purely physiological, 
without, however, being fundamentally and completely distinct ; 
for each cause must, from the nature of the case, merge into the 
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the interchange of air is therefore considerably impeded from the 
narrow calibre of the glottis being the only means by which air 
can enter into and be expelled from this wide, conically-shaped 
cavity. ‘The high diffusibility of the gases certainly contributes in 
some degree to counterbalance the effect of this narrow opening, 
and induces no inconsiderable interchange of air, both within and 
externally to this space ; but this motion would be quite insufficient 
for the purposes of life (excepting in the case of the hybernating 
animals), and hence special provisions exist for the expulsion of 
the contained air by a partial diminution of this cavity and for 
the re-admission of new air by its re-expansion. ‘The mechanism 
by which this object is effected depends partly apon the peculiar 
structure of the thorax and the position of the muscles which 
move it, and partly on the peculiar elasticity of the pulmonary 
tissue. We should, however, form a very erroneous idea of the 
motion induced by this mechanism, were we to conceive that it 
‘was able to agitate the whole of the air contained within the cavity 
of the chest. For even when the contraction is relatively con- 
siderable, only a small fraction of the air is expelled, and an 
equally small proportion admitted by its expansion; hence itis 
only in the wider air-canals that the air can be absolutely changed, 
whilst in the narrower vessels there is only au undulating current 
of the stagnant air-column, induced by the contractility of the 
walls, ‘The change therefore depends solely upon the different 
degrees of diffusibility of the gases. However simple this latter 
circumstance may appear, Vierordt has the merit of being the first 
who experimentally illustrated these physical relations. 

‘A-careful consideration of the above-mentioned mechanical rela~ 
tions shows how extensively this interchange of gases must be 
modified by slight alterations of the external conditions. We 
must not, therefore, believe that the difference in the characters of 
the blood and of the inspired air merely influences the final results 
of this interchange of gases, for it might rather be predicated as a 
physical necessity, that if the blood were propelled more copiously 
through the lungs, and the air was more frequently changed in 
this conical space (the latter being more considerably dilated and 
contracted), the results of the interchange would be different 
from what they would be in the opposite case. A more careful 
study of the mechanism of the respiration will not, however, always, 
enable us to refer the modifications which it presents to proximate 
causes, based upon chemical and mechanical conditions ; for these 
conditions are themselves often dependent upon so-called physio- 
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Humboldt and Provensal, Prout,t and others, that attention had 
not hitherto been directed to this subject, but when physiologists en- 
deavoured to elucidate the mechanism of respiration from all points 
of view, the chemistry of the process obtained some of the attention 
which it merited, and the most exact and admirable investigations 
were at once prosecuted by the aid of the most recent appliances of 
science. The beautiful experiments of Magnus (see vol. ii, p. 
190-192) on the amount of gases in the blood, may be said in some 
degree to have constituted the turning point in these inquiries, since 
it is only by the establishment of this factor that we can enter upon 
1 satisfactory investigation of the interchange of gases in the lungs. 
Numerous investigations, of which the greater number are very 
admirable, have been instituted both on man and animals with a 
view of determining the relation between the inspired and expired 
air. Scharling,t Dumas,§ Andral and Gavarret,|| Valentin and 
Brunner,4 Vierordt;#* Malcolm;tt and Hannovertt directed their 
investigations for the most part to the excretion of carbonic acid 
in man under different physical, physiological, and pathological 
relations. Many of the difficulties which are inseparable from 
investigations on man, or which influence the accuracy of the 
method of investigation were happily obviated in the series of exact 
and highly successful investigations of Valentin, Marchand,§§ 
Boussingault,|||| Letellier,'% Ph. Zimmermann,*** von Erlach,ttt 
Lassaigne,ttt myself, and especially Regnault and Reiset.§§§ 
‘We are principally indebted to the labours of these chemists for 

© Mém. do la Soe: d'Arcueil. .2. 

+ Thomson's Annala of Pilosophy. Vol.2,p. $28, 

$ Ann. 4.Ch. u, Pharm, Bd. 43,8. 214, 

§ Bana de Physiologic chim, p. 100 

|| Ann. do Chim. et de Phys. S8ér. T. 8, pp. 120-160, 

Arch. f physiol Heill, Bd. 2, 8.372.417. 

+ Tid, Vol. 3, pp. 896-508, and Physiologie don Athmens. Karlaruhe, 1048, 

+t Monthly Jour. of Med. Science. 1843, p.1- 

32 De quantitate. acidi carb, ab homine sano ot mgroto exhalati, 
Havnic, 1848, 

‘5 Joura. fpr. Ch. Bd. $8, 8. 120, and Bd. 37, 8.1 

Ii Ann. de Chim. et de Phys. T. 1, p. 433. 

Compt. rend. 'T, 20, p. 794-788, and Ann. de Chim. ot do Phys. 11, 

433. 

Passe Comment, inaug. de repir.nitrog. oxydul. Marburgi, 1644. 

‘ttt Vers. aber Perspiration mit Lungen athmender Thiere. Bera. 1846, 

322 Journ. de Chim, méd, 3 8ér."T. 3, p. 477, et 751. 

65 Compt. rend, T. 16, p= 17, and Ann, de Chim. et do Phys. 3.8¢r.T. 27, 
1.32; also Recherches chimiquer de la respiration dee animaux dee diveres 
classes. Paris, 1849. 
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those who have themselves employed it. It is altogether unsuit- 
able for the investigation of the influence exerted by the mechanical 
conditions of the respiration, or for the exact determination of the 
relations of volume existing between the inspired and the expired 
air, &c. For even if the apparatus is s0 constructed that the 
animals are not compelled to take deep or frequent gasping inspi- 
rations, if the air be sufficiently changed, and if the animal be 
removed from all keen draughts of air, and if the apparatus itself 
be free from a continuous alternation in the tension of the air, &c., 
we are only able by this method to ascertain with accuracy the 
absolute quantities of the carbonic acid and aqueous vapour exhaled 
in given times, for the quantity of the absorbed oxygen can only 
be determined approximately by weighing the animal both before 
and after the experiment, and determining the oxygen contained in 
the amount of exhaled carbonic acid and water, &e. The intro- 
duction of perfectly dry air, which is indispensable even to the 
moderate accuracy of the experiment, causes the animals to lose 
more wate under ordinary circumstances in consequence of 
their breathing in an atmosphere to which they are unaccustomed, 
and hence they speedily fall into an abnormal condition. The 
admirable investigations which Marchand has made by this method 
on the respiratioh of frogs, indicate, however, that it is capable of 
leading to results of the highest value to science. 

‘A third method was employed, first by Valentin, and subse- 
quently by von Erlach under his guidance; animals were intro- 
duced into an inclosed space filled with atmospheric air, and they 
were suffered to respire there for some time, when the volume and 
the composition of the expired air were compared with those of the 
original atmosphere, As far as this object is concerned, the above 
method gives highly satisfactory results, as may be seen from the 
investigations of the above-named chemists ; although, as is obvious, 
it cannot be employed for absolute determinations, or for the inves 
tigation of the influence exerted by mechanical and physiological 
relations on the respiration. 

An apparatus has lately been ingeniously contrived by Regnault 
and Reiset, by which the second and third of these methods have 
to some extent been combined together. ‘The animals bere also 
breathe in a circumscribed space, from which the carhonie acid and 
a portion of the expired water are constantly being removed by a 
solution of potash, whilst a quantity of oxygen corresponding with 
the amount absorbed is continuously being supplied from another 
vessel, without the pressure of the air being on that account sub- 
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of the nitrogen, which is either absorbed oF given off, are on the 
whole too small to exert any special in uence on this relation, 
‘Very numerous experiments have been made on this subject with 
all the best appliances of science. The individual results yielded. 
by these investigations will engage our attention at a future page, 
‘and we would here only observe, that on an average for every 1 
volume of absorbed oxygen, there is only about 0°8516 of a volume 
of carbonic acid in the expired air. We shall presently see, on 
comparing the investigations of modern experimentalists, that this 
relation appears to be a somewhat variable one, while the experi- 
ments of Brunner and Valentin, and of yon Erlach, give almost 
‘exactly this proportion between the gases. According to Valentin, 
the interchange of these gases (corresponding to the law of their 
diffusion) stands in an inverse ratio to the square roots of their 
densities. 

Attempts have frequently been made to compare the volume 
of the expired with that of the inspired air. Ou examining both 
kinds of air when freed from water, we naturally find a diminution 
of the volume of air, corresponding to the volume of oxygen which 
has been absorbed and not converted into carbonic acid. (We 
must, however, here disregard the small quantity of exhaled 
nitrogen.) ‘The result will certainly be different when both kinds of 
air are compared together in a moist state since the inspired air is 
usually not saturated with aqueous vapour, while the reverse is the 
case with the expired air, it necessarily follows that the tension of 
the aqueous vapour taken up in the lungs must cause an increase 
in the total volume of the air. 

‘We need scarcely observe that the elevation of temperatare 
which the sir commonly experiences in respiration, (from 86°2,to 
87°5°, according to Valentin) must occasion a corresponding 
augmentation of volume. 

The quantity of water exhaled by an adult man ina state of 
rest in 24 hours amounts, according to Valentin, to 506, according 
to Vierordt to 360, and according to Horn to 350 grammes ; a8, 
however, aqueous air was inspired in the experiments of the last- 
named observers, the actual loss of water is only 321 grammes. 

We have already shown, that the quantity of nitrogen in the 
air does not remain precisely the same during respiration. Various 
‘views were long entertained in reference to the question, whether 
nitrogen gas was absorbed or exhaled during respiration; the more 
modern investigations of Brunner and Valentin, as well as those cf 
Regnault and Reiset, have now placed it beyond a doubt that 
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experiments of Regnault and Reiset, that the hydrogen and the 
carburetted hydrogen which they found in air which had served 
for a prolonged time for the respiration of animals, were not 
dependent solely upon the perspiration or the intestinal exhalation, 
but that an appreciable quantity both of hydrogen and proto- 
carburetted hydrogen was exhaled from the lungs when in a per- 
fectly normal condition. 

We will now proceed to establish several absolute values which 
the above-named investigators have obtained in reference to many 
of these points. We possess very different statements regarding 
the quantity of carbonic acid exhaled within a definite time by an 
adult man. The cause of this diversity may readily be compre~ 
hended, when we consider the methods by which these numbers 
have been obtained. With the exception of Scharling and 
Vierordt, all other observers have contented themselves with col- 
lecting the air of only a few respirations, and, after determining the 
amount of carbonic acid, have calculated the quantity of this gas 
for a definite period of time. We have already seen how easily we 
may be led into error, from want of practice, by the determination 
of individual respirations, and these errors augment in proportion 
to the length of time (as, for instance, 1 hour or 24 hours) for 
which we endeavour to establish the exhalation of carbonic acid, 
‘We will therefore pass over the older results, which vary con- 
siderably, merely observing that, according to Scharling, a very 
powerful adult man exhales in 24 hours 867 grammes, or at 
a temperature of 0°, and the barometer at 336” [29°84 inch 








443,409 cubic centimetres [or about 27,058 cubic inches] of car- 





onic acid. Basing his calculations on Valentin’s law, Vierordt 
therefore calculates that the amount of oxygen absorbed by an 
adult in 24 hours (and partly given off again with the carbonic acid 
and the water, and partly remaining in the body) amounts to 
746 grammes, or 520,601 cubic centimetres (or about $1,740 cubic 
inches] ; consequently about 116 grammes of the absorbed oxygen 
are retained in the organism. According to Boussingault’s deter- 
minations, about 8 grammes of nitrogen would be given off to the 
atmosphere in the same period of time by the same individual, 
whilst, according to Valentin, about 500 grammes of water are 
exhaled on an average in equal intervals of time. The numerous 
and carefully conducted experiments of Vierordt show that the 
air exhaled by a healthy man in a state of rest contains on an 
average 4°3348 by volume of carbonic acid. 
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were within the limits of possibility. In accordance, 





‘respiration, 
exert the most marked influence on the quantity of carbonie acid 
in the expired air, this law nevertheless remains in foree for other= 
wise similar conditions, us Vierordt has convinced himself by 
‘numerous series of experiments instituted under the most various 
bodily conditions. We must, therefore, assume with him, that the 
rhythm of the respiration acts as the most powerful regulator of 
the excretion of earbonie acid. 

‘The influence of the respiratory movements on the excretion 
of carbonic acid is equally manifested, when we consider the infen= 
sity or depth of the individual respirations, Notwithstanding 
the difficulty of drawing respirations of a certain depth, 

‘has been able to obtain very decisive results in relation to this 

‘point, as may be seen in the following table: 

‘Ifthe alr of normal respirations contain 4°00 per cent. of earbonie acid, 

‘The air in respirations twice as deep contains 400 
three 


times 370g » 
fourtimes 338 » 
cighttimes 270g > 
half o 638 . 


Wiens had ‘oheerrisone 1 ike, Ween expiration 
having double the normal volume, the absolute quantity of the 
exhaled carbonic acid is about equal to that which is exhaled by 
respirations having threefold the normal frequency ; whence it is 
farther proved that the organism possesses two means of nt the 
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Vierordt adopted two methods of determining: the question, 
whether the amount of carbonic acid in the air increases in the 
finer ramifications of the air-passages, as the experiments of Allen 
and Pepys, and of Jurine, seem to show. One method consisted in 
dividing each expiration into two as nearly as possible equal parts; 
the expired air in the latter half must have arisen from the 
parts of the lungs, and Vierordt found in it 5-448 of earbonic acid 
as the mean of 21 experiments, whilst the first half contained on 
an average only 3-729. ioe eal eee aa 
the amount of carbonic acid in a normal expiration with 
the nir obtained by an intensely forced expiration. Se onder 
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mean result of cightexperiments, that while the carbonic acid of 
an Sn) (of 574 cc.) amounted to 463%, a most 
complete and full expiration (of 1800 ¢. ¢.) contained 5°18. 
Hence it follows that in the deeper strata (amounting to 1226 ¢,¢.) 


AAs, however, there always remain about 600 c.e. of air in the 
lowest parts of the lungs even after the strongest expiration, the 
highest per-centage amount of carbonic acid in the air in the 
pulmonary cells would be about 5°83, that is, 1-2§ more than is 
‘expiration, 





more oxygen than our atmosphere, and the produets of respiration 
were precisely the same as when the animals had breathed atmo- 
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although far more oxygen was absorbed than under ordinary 
conditions. According to Marchand, for instance, there remained 
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atmosphere 
‘unfit for respiration, although air less densely charged with this 
acid may be respired for some time without producing any 
injurious effects, and the danger induced by its prolonged respira~ 
tion depends less upon the actual amount of carbonic acid than 
‘upon the insufficient supply of oxygen conveyed to the lungs by 
‘such an atmosphere. 
It has been shown by Legallois’ experiments on guinea pigs, 
‘richer than the atmosphere, 


The inhalation of pure nitrogen gas is speedily followed by 


* Compt, rend. ‘22, p. 1095, 
+ Exp. sur to principe de la vic. Pacis, 12. 
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symptoms of suffocation; according to Coutenceau* and Nysten,t 
rather more carbonic acid appears to be exhaled than in the atmo- 
spheric air. 

‘The most earefal experiments haye been made on the respira~ 
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21°8 to 288 oxygen); the rabbit remained in this atmosphere 
20 hours and the dog 10 hours without any obvious. injury, 
‘excepting that the respiration was augmented in force—a circum- 
stance which these observers thought they might refer to the 
greater cooling power of the hydrogen. At the close of the experi- 
‘ment nearly the original amount of hydrogen was found; there 
‘was a more considerable absorption of oxygen than in the case of 
atmospheric air. Nitrogen appeared to be exhaled; but this 
might have been derived from the air already in the lungs of the 
animals, when they were introduced into the apparatus in which 
they were made to respire. The respiration of these animals pro- 

* Révision dea nour, doctr.cher.-phiysol, Ae. Pais, 14, 

+ Recherches de Physiol. et de Chi. pathol. Paris, 811. 

+ Diss inaug, med. ‘Marburgi, 1044, 
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ceeded, therefore, quite ns regularly in this artificial 
air—a circumstance w! 


with atmospheric air, gives rise to faintness, feelings of suffocation, 
stupefaction and death, The fact of this being the constituent to 
which choke-damp owes its fatal effects, has been especially 
demonstrated in recent times by Leblanc.* 

Wo need hardly observe that sulphuretted hydrogen, seleniu~ 


ditions are discernible in the different respiratory functions. In 
consequence of these relations, we will investigate the alterations 
apparent in the composition of the expired air during different 
conditions of the atmosphere; amongst which the temperature frst 
claims our attention. ‘The earliest experiments made in relation 
to this point were for the most part limited to those animals 





i, Saissy, 
served that inscets and molluscs, as well as marmots, bats, and 
hedgehogs, exhaled less carbonic acid in a low than in a high 
temperature, it was at once assumed as a general proposition, that 
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higher classes of animals at all events there is a diminution in 


‘temperature. Between 
and 80°, 1000 grammes’ weight of frogs exhaled only 0-077 of a 
gramme in one hour, 
‘Vierordt has calculated a scale of the values of the respiratory 
accoriling to each degree of temperature between 3° and 


represents the means of the values obtained in the lower degrees 
of temperature between + 8° and 13°, and the other those between 
14° and 24°, 
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dry atmosphere, and as much as 4376 grammes during the same 
period of time in moist air; in another experiment they lost "681 
oepanes in dry, and 5°340 grammes in moist air, It is very 
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the frogs which were in the dry air, showed that their skin was dry, 
and consequently in an unfit state for carrying on the process of 
respiration ; but still this observation may not be entirely uneon= 
nected with these respiratory conditions. It also shows the 
necessity for practising caution in drawing our conclusions from. 
‘experiments made on animals which have only respired a perfectly 
dry air. We cannot possibly observe normal conditions of respi 
ration in experiments conducted merely in dry air, although this 
‘one element may not be of great importance in reference to the 
consideration of the whole process. 

‘The pressure of the air isanother of the atmospheric influences 
which reacts upon the respiration. We will here first refer to the 
‘most recent experiments made in relation to this subject, partly 
‘because they are limited to respiration in the human organism, 
and partly because they have led to the adoption of far more correct 
views regarding the influence of atmospheric pressure than could 
he obtained from the earlier observations on animals, eee 
we are mainly indebted to Vierordt for our knowledge. His 
numerous experiments at different heights of the barometer yield 
the following values for the individual funetions of respiration. 
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A rise in the barometer of 5°67” therefore increases the palsa~ 
tions 1°3, the respirations about 0°74, and the amount of expired 
air 586 c. ¢. Cor 35°7 cubic inches] in a minute, whilst the car- 
onic acid of the latter sinks about 03095. Vierordt further 
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ished atmospheric pressure, 
presented nearly the same degree of variability, although in some 
cases the pressure was raised to 34°, and in others it fell to 22", 


‘was at 805 m, m, the temperature in both cases being +18°, and 
in another case 1000 grammes? weight of rabhits exhaled 0529 of 
‘@ gramme of carbonic acid with the barometer at 704 1m. m., and 
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of sugar with that of fat, we see at the first glance that the carbo- 
hydrates require far less oxygen for their perfect oxidation than the 
fats; in the carbo-hydrates there is no hydrogen to oxidise, since 
the oxygen which they already contain is sufficient for the oxidation 
of the hydrogen: hence the carbon is the only substance in them 
requiring oxidation, and this substance is moreover contained in 
far less quantity in the carbo-hydrates than in the fat for equal 
weights. Certain organic acids, such as tartaric acid, citric acid, 
and malic acid, which, as is well known, occur in many articles of 
food, contain so large an amount of oxygen that it not only suffices 
for the oxidation of the hydrogen, but in part also for that of the 
carbon also. 

In reference to nitrogenous substances, we cannot, however, 
grant the postulate that all the carbon and hydrogen is consumed 
in the animal body, for we know that the greater part of the 
nitrogen in these substances is not removed in a free state as 
ammonia, but in combination with carbon, hydrogen, and a little 
‘oxygen, by other means than through the Iungs. Hence we are 
led to inquire whether, and to what extent, the nitrogenous 
nutrient substances yield materials for oxidation, and consequently 
how much carbonie acid and water they are able to furnish to the 
respiratory process. As we have already seen that the albuminates 
and collagen are capable of supporting respiration, we are induced, 
in explanation of their respiratory value, to adopt the provisional 
hypothesis that these substances are merely decomposed into 
carbonic acid, water, and urea in the animal body, although we 
know that there are formed other nitrogenous products of 
excretion besides urea. But since the quantity of urea which is 
produced preponderates very much, and since in many organisms, 
as, for instance, in the carnivora, urea is almost solely formed, 
this hypothesis deserves some notice in our consideration of the 
average value of the amount of oxygen employed in the oxidation 
of the albuminates and the collagen. We therefore abstract from 
the composition of the albuminates and other nitrogenous nutrient 
substances an amount of urea equivalent to the quantity of 
nitrogen which they contain, If, for instance, we assume that the 
composition of the albuminates without the sulphur and salts is 
54:363 C; 7:27$H, 16:05gN, and 223220, there will remain, 
after the abstraction of the quantity of urea (= 688C, 229H, 
and 9'180) equivalent to the 16:05 parts of nitrogen from 100 
parts of an albuminate, 47-48 parts of carbon, 4°98 of hydrogen, 
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and 19-14 of oxygen. The following table will 
representation of these relations :— 


If we consider these relations in their bearing on the 

ment of heat, we shall be able to construct a table such as Liebig 
Jong since suggested, which would indicate the different values of 
these substances in supporting animal heat. Such a calculation 
may readily be made, if we take as the basis of our computations 
‘Dulong’s determinations, according to which 1 gramme of carbon 
develops 7170 units of heat in its combination with oxygen to 
form carbonic acid, while 1 gramme ot hydeogsa ees eta 
units of heat during the formation of water. 

be denied that Hrd cqcatia of this ad kamcaberet fae 
must be taken into account which cannot be deduced from the 
chemical composition alone, it is, nevertheless, perfectly clear 
that this is the only point of view from which a rational 

of animal heat can be formed. ‘The present, however, is not the. 
Siting pic tener mor lly Soto tit oho Se oa 


for the oxidation of these mutrient 
numbers which may See equivalents. If, 
for instance, we assume that an organism in the full performance 


of oxygen, to satisfy the requirements of vitality: uamely, 34:23 
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Lenwegsb tiene ide ated 75 grammes of 
of malic acid, stl sebetnate 


cially directed to the inquiry of the proportion in which several of 
these substances require to be mixed in order to render them 


proportional 
values in respect to the functions depending upon the interchange 
of gases in the lungs. 

‘This table suggests another consideration, which may throw 
some light upon the difference in the relations between the quan- 
tity of oxygen which is absorbed and that which ix exhaled in 
the form of carbonic acid after vegetable and animal food respec 
tively, in as far at least as these relations have been made 
‘known to us by the experiments of the inguirers already referred 
to. If, for instance, we assume that the interchange of gases in 
the lungs is for a time merely the result of the combustion of a 
single one of the above-named substances, we should find, when- 
‘ever pure fat was subjected to oxidation, that for every 100 parts 
of absorbed oxygen 71°32 parts are contained in the carbonic acid 
expired during the interchange of gases in the lungs, while in the case 
‘of starch and all the other carbo-hydrates 100 parts are found in 
‘the exhaled carbonic acid, in malic acid 11053 parts, and in the 
‘muscular substance 83:60 parts. When we compare these numbers 
with the results obtained by Regnault and Reiset, Bidder and 


fasting animals, which to a certain extent may be said to live upon 
their own flesh, is very nearly the same as that noticed after the 
use of an animal diet, 

‘The above remarks on the influence of the diet generally, show, 
however, that the quantity, as well as the quality af the food, exerts 
a yery considerable influence on the amount of the interchange of 


Sa askosl ists tbe been behly oh eta 

fattened, confirmed the above proposition. As we purpose 

ing at a future page to this objec, we will oly adeeaimaia 

of experiments made by C. Schmidt* on one and the 

Sie sidesolal ene blag 14501 eae hi 
hours (a quantity which was shown by numerous 

bbe sufficient tomaintain the full strength and ordinary 

animal), it absorbed 60-14 grammes of oxygen, and. 

grammes of carbonic acid, together with 30°88 grammes of waters 

‘whilst during the consumption of 247'32 grammes of 

sci 108-94 race of Sxynt sd Ss SS 

of carbonic acid and 47°86 grammes of 


proportion oxygen 
Eines cea c eee 
100: 95, or even as 100: 99-7, sonaaguantiy. ain Ala 
{namely as 100: 100) which accords with the 
theory after the use of pure sugar or starch, 

‘The above circumstance leads us to a point, which 
will be considered with all the attention which it deserves 

* Op. cit. “ 
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yaaa i ifs i boa a 
is 71°32; if now we designate the typical expenditure of 
‘tes as ¢, and the proportional number in a state of 
found to be 750, we obtain according to the simplified formula 
£ =a, the quantity of fat which is cocoeel ead 
with c albuminates. - 
‘e will not extend these remarks, since no farther prone Ss 


necessary to show how extensively the observations 


generally. 
Although in our considerations of the influence 


should greatly err were we to adopt the same method in reference 
to certain substances, which are occasionally introduced with the 
food into the organism, such, for instance, as the ethereal oils, 
alcohol, theine, &c, We do not mean that these substances con- 
stitute any exception to this fixed law of nature, but the immediate 
effect which they produce reminds us that there are nerves in the 


whieh produce such powerful reactions on the nervous 
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Delong to the class of substances which are capable of contributing 


Bro ter ses meng ty Py ree te eo 
on the respiration as spirituous drinks, 

‘Sleep occasions a very considerable diminution'in the excre- 

i ‘experiments of 


exhaled 
out ihe night tot elininte fn aoe ot i tho dy fee 
dinner, was 31°39:40°74. In cs pein da ontneeaeaD 
found* that 6156 grammes of carbonic acid were on an average 
exhaled during one hour in the morning by 1000 grammes’ weight: 
of birds, whilst the same birds expired only 4-950 grammes hourly 
* in the night. 

Regnault and Reiset have made observations on the relations 
of respiration during the hybernation of marmots, which exhibit 
an enormous difference, compared with the waking state of these 
animals; thus, for instance, 1000 grammes? weight of marmots 
absorb in their sleeping state from 0°040 to 0-048 of a gramme of 

oxygen hourly, whilst in their waking state they consume from 
O74 1 1108 grammes Tu the sleeping animals only 56°72 of 

the absorbed oxygen pass into the carbonic acid, whilst in the 
veking snr goes ou soo AS In two of the 


wakefal state, As a large part of the absorbed oxygen remains in 
the body of the sleeping animals (since only a small quantity is 
in the formation of earbonie acid, and. the water which is 
formed does not evaporate, owing to the low temperature of the 
anal and Riya istic ee hay on opts of thy 
 Jabresbor, der gos, Medici. 1644, 8.39. 


Seeivcistens Gy ir road be eeneenal anos an 
ea atlas substance ae 
fore be perfectly oxidised. 

Regnault and Reiset found that marmots, when ‘one 


waking 
with the faet noticed both by Prout and Vierordt in 
‘ments on man, that the act of waking was followed 
abundant excretion of 
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consumed far more oxygen during violent bodily exercise than 
during a state of rest. Prout found that at the commencement of 
moderate exercise there was a relative excess of carbonic acid in 
the expired air, but during prolonged violent exercise there was 
less of this gas than in a state of rest. Vierordt convinced himself 
that the absolute as well as the relative quantity of carbonic acid 
was increased after moderate exercise, and this result is in perfect 
conformity with the experiments of Scharling. H. Hoffinann* 
found that the sum of the products of perspiration of the skin and 
lungs was much more considerable after prolonged motion than 
after prolonged rest. Every one who has instituted experiments 
on the respiration of animals must be aware that they expire far 
more carbonic acid when they are lively and active than during a 
state of repose. 

‘Scharling’s observations do not entirely exclude the suppo- 
sition that mental ezertion may induce an augmented excretion of 
‘carbonic acid. 

‘The experiments instituted on man and animals, with the view 
of ascertaining whether age exerts any influence on the respiration, 
prove that considerable weight should be attached to this relation. 
Andral and Gavarret, who made tolerably complete observations 
on the absolute quantity of exhaled carbonic acid, found that the 
quantity daily expired increases, on an average, to the 40th or 
45th year, agreeing mainly with the development of the muscular 
system. In Scharling’s experiments, the two children experi- 
mented upon (one a boy aged 9 years, and the other a girl of 
the age of 10 years) expired almost double the amount of carbonic 
acid exhaled by adults, if we calculate the excretion of carbonic 
acid for an equal bodily weight; but where the latter is not con- 
sidered, we find that Scharling’s results agree perfectly with those 
of Andral and Gavarret. The observations made by Regnault and 
Reiset on animals are also in accordance with these experiments 
‘on man, for it was shown that in animals of the same species, for 
equal weights, more oxygen was consumed by young than by adult 
animals. 

With regard to the infuence of sez on respiration, it appears, 
from the experiments of Scharling as well as from those of Andral 
and Gavarret, that males expire more carbonic acid than females 
—a relation which obtains even in childhood, for boys eliminate 
more carbonic acid than girls. 

As Scharling’s observations must, for the present, to a certain 

© Ann. d.Ch. 2. Pharm, Bad. 45, 8. 242, 
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extent, be Hater ‘as affording the normal numbers for the 
excretion a carlnic seid inseam; we lifts Bie tera 
for one hour:— 








According to Andral and Gavarret, an adult man exhales on an 
average from 38°5 to 40°3 grammes of carbonic acid in an hour; an 
rior gencepo den ence 
during pregnancy, 29°3 grammes; and after the cessation of men= 
peril aos 27°5 to 31-2 grammes. Although Scharling 
included the products of perspiration with those of respiration, 
while Andral and Gavarret included only the latter, their numbers 
adel cewen those of Scharling, It will be readily seen, 

remarks which we made on this subject, that 
the hyghelnasibers Gbsiol hy Ana wed Gavaret ne SRS 
be referred to the circumstance that in their experiments the 
respiration was less natural, or at all events more frequent, than 
in those of Scharling, who, by the use of a commodious apparatus, 
was enabled to observe a more normal state of the respiration, 

Although there can be no doubt that the bodily constitution 
influences the intensity of the respiration, we have no direct 
observations in proof of this fact, unless indeod we include under 
that head the fact noticed by Regnault and Reiset, that lean 
animals consume more oxygen and exhale more carbonic acid than. 
very fat ones—a result which can readily be brought into harmony 
with the observation made by Schmidt and Bidder, that fat 
‘animals excrete far less bile than lean ones, 

‘We now proceed to consider the differences which have been 
observed in the respiration of different classes of animals; for as 
the greater number of the experiments made on the 
functions have been instituted on animals, itis from them that we 
must derive our most valuable results, more especially from the 
experiments of Regnault and Reiset, who surpass all other 
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observers in the value and importance of their results. When we 
consider, in reference to the mammalia, what influence the different 
food on which they live may have upon the quantitative relations 
of the interchange of gases in the lungs, we find, on referring to 
the remarks already made in relation to this subject, that the 
differences which have been observed in the respiratory relations 
of the herbivora and carnivora, do not depend upon any difference 
in their organization, but are almost wholly referrible to the 
influence of the food upon which they subsist. For in the same 
manner as we observe that the urine of the carnivora, when fed 
upon vegetables, is similar to, if not identical with, that of the 
herbivora, and that the urine of herbivorous animals living on 
animal substances is analogous to that of the carnivora, we also 
find that carnivorous animals, which live principally on amylaceous 
matters, exhibit the same respiratory relations as the herbivore, 
‘This fact. has been proved beyond a doubt by the 
tions of Regnault and Reiset, and more recently 
by Bidder and Schmidt. We subjoin a table of these relations 
as they are given by Regnault and Reiset. We have intro- 
duced it here merely by way of furnishing a general retrospect of 
the whole:— 








Species | yroqq, | Parisof absorbed | Oxygen |Carbonio acid| Nitrogen 

















eee “Bken'of wo the’ |For 100 grammes! wight of to animal 
‘carbonic aid. in one hour. 
Percent, |Grmmes | Grmme. | Grmmen 
Dog | Meat. rie | rat voor 
Rabtit..|carrow.| 919 ens 00036 








‘The absolute quantity of absorbed oxygen and exhaled carbonic 
acid is, however, somewhat fluctuating, which partially explains the 
great discrepancy observable between these results and the numbers 
obtained by other observers in their experiments on rabbits and 
dogs. On instituting a comparison between the numbers ob- 
tained by different investigators, we find that the results coincide in 
this respect, that the carnivora, when kept upon their ordinary food, 
exhale more carbonic acid and nitrogen in proportion to their 
weight than the herbirora when living upon their ordinary food. 
Tt has long been supposed that the respiration of birds was far 

















‘The eggs of birds also maintain a process of respiration, even 
in the unineubated state; fresh ezgs, on exposure to the air, con- 
tinuously exhale carbonic acid and aqueous vapour, and hence they 
Jose considerably in weight when kept for some length of time. 
But they also absorb oxygen, as is more especially shown by the 
circumstance that the air inclosed in the air-space contains more 
oxygen than atmospheric air, according to Bischoff* from 0-22 to 
02454, and according to Dulkt from 0°25 to 0°27¢ (by volume); 
but this has been denied by Baudrimont and Martin St. Ange. 
‘The process of respiration becomes more active after incubation, 
as is obvious from the circumstance that the development of the 
embryo is very soon arrested and that death ensues in hydrogen 
‘or carbonic acid gas, as is shown by the experiments of Viborg, 
Schwann,t and Martin St. Ange. ‘The greater part of the oxygen 
in the air-space disappears during incubation, and the air is then 
frequently foand to contain about 63 of earbonic acid. ‘The more 
recent experiments of Baudrimont and Martin St. Ange§ have 
shown, in reference to the interchange of gases during the incuba 
tion of hens’ eggs, that in proportion as the embryo becomes more 
fully'developed, a larger amount of oxygen is absorbed from the 
atmosphere and more carbonic acid given back to it. Here also 
the quantity of oxygen contained in the carbonic acid falls far 
short of the absorbed oxygen. ‘The experiments of Valenciennes 
have proved that here too the respiration is accompanied by a 
liberation of heat. ‘The following table gives the results of the 
experiments, instituted by two of the observers already referred to, 
on eggs; but here the total loss of weight in the eggs, owing to 
the chloride of calcium in the apparatus, no doubt greatly exceeds 
the normal quantity. 

* Schweiger Journ, N-R. Ba. 9, 8.446, 

+ Tid, 10, pao, 

$ De necessitate aéria atmosph. a evolnt. pull in oy, Berolini, 14, 

4 Compt. rend, 'T, 17, p. 1343. 

Vou. 1. 20 


have been obtained by one and the same method. In all m 
‘oits, however, these observers perfectly sgros with Ole nai 


animals, 
i of matte. ‘Thin relation 
wakingly shown, in the above table, between lizards and 4 
‘This requirement of the amount of the respiration is 
firmed by certain experiments made on lizards ; in t 
poses foe seals were pero il, ia the Moai 
‘entirely rigid, and in the third, the 
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‘Regnault and Reiset, as well ag myself, have 
the respiration of insects, as had been 
ata Sis, sa Tewicne 
and Regnault employed cockchafers and the 
SG aegienene sr ne ig tr per 
ments on the respiration of insects. ‘Their results were as 
follows:— 








In my own experiments on the excretion of carbonie acid in 
inseets, I obtained* the following results for 1000 grammes’ weight 
of the animals for one hour :— 





‘The fespiration of animals breathing through gills, as fishes, 
crustaceans, &e., differs from that of creatures breathing through —_ 


‘There have unfortunately been bot few expeioieats intend 
* Op cit, pat, J 
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gill-breathing animals since Humboldt and Provengal 


and frequently: 
only half the quantity. ‘These experiments yield, however, this 
remarkable result, that fishes constantly absorb very large 
‘quantities of nitrogen: and they show that fishes, like other 
animals, transpire copiously through the skin. These animals, 
moreover, are capable of breathing in atmospheric air as long as 
their gills are moist, the products of respiration presenting under 
these circumstances the same relations to the absorbed oxygen as 
in water, which is an obvious proof that respiration in water- 
breathing animals follows the same Jaws as those which control 
atmospheric respiration, Baumert™ has recently, by the aid of an 
ingenious eee several interesting experiments on the 

the tench (cyprinus tinca), the eal fah (eyprinas 

Senrmured pond-loach (cobitis fossilis). It was shown by 
these experiments, in the first place, that 1000 grammes? weight 
of tench inspired on an average O-0143 of a gramme of oxygen 
in one hour, and exhaled 0-0138 of a gramme of carbonic acid ; 
while, on the other hand, the same weight of the more lively gold- 
fish absorbed 0°0409 of a gramme of oxygen, and eliminated 0°0419 
of a gramme of carbonic acid in the same period of time, The 
ratio of the volume of absorbed oxygen to that of exhaled carboriic 
acid was very nearly as 10: 73 for every 100 grammes of absorbed 
oxygen 72'3 grammes are again expired with the carbonic acid. 
pee epeashohivern inn ees 


this fish, like some others, exhibits a special intestinal respiration, 

ybsorbs air through the cannes Wide clea 
lowing it on the surface of the water, and thus conveying it to the 
stomach, Baumert analysed the air which was again eliminated 
through the intestinal canal, and found that it contained much 
less oxygen than the air which the fish had swallowed; the 
oxygen had, however, been replaced by mach less carbonic acid 


© Chem, Untersuch, diter d, Respiration des Schlammpeingers, Heidelberg, 
1088. 
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capable i ey 
they sicken when respiring through the gills 
almost as quickly as when they are limited to intestinal 


average 0°0316 of a gramme of oxygen, and exhaled 00543 
gramme of carbonic acid in the hours these animals, 
gave off more oxygen in the form of carbonic acid than 
absorbed through the gills; since for 100 parts of oxygen absorbed. 
through the gills, 124°9 grammes were eliminated 
carbonic acid, ‘This result fully agrees with the comparative: 
analyses made by Baumert of the air which was 
that which was again excreted through the intestine; for whilst the 
air in the intestine showed a diminution of the oxygen amounting 
to Sor 118 by volume, the carbonic acid had only increased about 
24 at most. Baumert’s analyses have further shown the probability 
that pond-loaches always absorb a certain quantity an 
during respiration. 

OF those animals which possess no special organs 
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acid; the ratio of the absorbed oxygen to that in the carbonic 
acid is as 100 : 77°5. 

As in all these experiments on animals, the cutaneous perspi- 
ration has been investigated at the same time with the pulmonary 
exhalation, it might be supposed that no very exact result could be 
obtained for the latter, but the above numerical values are correct 
enough for the higher animals, as mammals and birds; for the 
inexactness is here so slight, that it generally falls short. of the 
fluctuations in the errors of observation and other irremediable or 
incalculable conditions. In the case of rabbits, dogs, and hens, 
Regnault and Reiset have, indeed, adopted two methods for the 
more accurate determination of that portion of the gaseous 
excretion of the animal body which escapes through the skin; in 
both cases the animals were inserted in an air-tight bag, and 
their mouths alone were allowed to come in contact with the atmo- 
sphere; in one case the air within the bag was changed; in the 
other it was left undisturbed. In the first mode of experiment 
hens yielded only from 0-0047 to 0°18 of the carbonic acid re- 
sulting from the whole perspiration, rabbits only from 0°0102 to 
00173, and dogs from 0-035 to 0-041. The second method 

lso showed that the influence of cutaneous perspiration and in- 
testinal exhalation is very unimportant when compared with the 
pulmonary function in the warm-blooded animals. 

‘The relation between cutarieous transpiration and pulmonary 
exhalation must not, however, be considered so unimportant as it 
might appear from these experiments on thick haired and densely 
feathered animals. The gaseous exhalations from the skin in man 
have scarcely been examined, but the quantitative investigations 
hitherto made, as for instance, those of Valentin, prove that the 
human skin takes a very considerable part in the separation of 
aqueous vapour from the body. This fact had already been ren 
dered very probable by certain dietetic and other observations, and 
seemed to derive confirmation from Magendie’s method of making 
the skin of animals wholly impermeable by means of glue, paste, 
varnish, &e.; and although the death of the animals thus experi- 
mented upon cannot be referred solely to the retention of gaseous 
fluids, the latter, although inconsiderable in quantity, are not devoid 
of importance in a physiological point of view. ‘There are indeed 
‘many questions which still demand our earnest attention in refer- 
ence to this subject; and even if the life of an animal of higher 
organization could continue to exist in a relatively normal 
state for any length of time after cutaneous exhalation had been 
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tion employed, as was done by Regnault and Reiset, and in part 
also by Bidder and Schmidt. In these experiments, as in most 
cases in which animals were experimented upon, the whole amount 


being 
absorbed, I have myself made experiments of this kind on the 
process of inflammation, ‘The most important obstacle to such 
inquiries in the case of animals, is that many diseases which are of 
the greatest importance in the eyes of the physician, cannot be pro- 
duced by operations, or any other artificial means. ‘There are very 
fe pees socio "whi las itll oe Ik ce 
tunity of carrying on a series of investigations on spontaneously 
diseased animals, On this account, the human subject has hitherto 


respiration during disease, provided the patients can, without any 
inhuroan aggravation of their condition, bear to be moved and tem 
porarily confined within a closed receiver, It cannot be denied 
that even in this mode of experiment, the true effect of disease 
upon the exhalation of gas is unavoidably modified, at least during 
an experiment of short duration, by the mental excitement of the 
patient ; but this evil is far less completely rectified in Prout’s 
method, which has been followed by Maleolm,t Hervier and 
St. Sager,§ and Doydre.|| It demands considerable practice to 
acquire the facility exhibited by Vierordt, in breathing with perfect 
calmness into an apparatus, however well it may be constructed ; 
the disease may often run its course before the patient is able to 
acquire the necessary proficiency, while on the other hand humanity 
forbids us to torture a fever-patient for any length of time with 
such experiments. Hence great caution should be exercised in 
deducing scientific conclusions from any observations of this 
kind. "Then, moreover, in the experiments made according to the 
* Abhandl, a. Bogriind, d. le sichs. Gen. der Wiss. 1046, 8. 405. 
yah PH asta aicarboil ab bmn sino roto exhalal, ain, 


‘E Monthly Journ of Med. Science, January, 1013. 
§ Compt rend. ‘26, p, 200%; Guz. des Hosptaus. 1649, p. 15, 
{Compe rend‘. 36, p 68. 
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(@ In three hours a rabbit excreted, at the mean temperature, 
the following quantities of carbonic acid :— 








Immediately before being wounded 3-004 grammes. 
‘Twelve hours after mo POL 
On the second day ... co 2388 

vm third day Las 

> fourth day eo ate 2u7 

2 Sfthday f ore 


According to P. Hervier and St. Sager, many acute inflam- 
mations, such as meningitis, peritonitis, metritis, and acute arthritic 
theumatism, yield an excess of carbonic acid (Aypercrinie carbon- 
igue), and all inflammations in which the respiration is implicated, 
as pneumonia, pleurisy, and pericarditis, yield less than the normal 
quantity of this acid (Aypocrinie carbonique). 

But what opinion can we form of experiments which, like those 
made by Hervier and Sager, have led to results diametrically 
opposed to the best: observations, and which have exhibited dis- 
tinetions of such extreme delicacy, that other observers have been 
unable to arrive at such nicety of observation, even when employ- 
ing more exact methods? What are we to think when we see that 
these experimentalists found that less carbonic acid was exhaled 
during the period of digestion than in a state of fasting ; that they 
distinguished two maxima and two minima of the exhalation of 
carbonic acid, of which the one maximum occurred at 9 o'clock in 
the morning, the other at 11 o’clock at night, while the one mini- 
‘mum was observed at 3 o'clock in the afternoon, and the other as 
early as 5 o'clock; that they observed the quantity of excreted 
carbonic acid constantly rise with the pressure of air, and found 
invariably more carbonic acid exhaled after animal food than after 
a vegetable diet, and even without in any way investigating the 
proximate coincident causes? 

According to these experimentalists, moreover, the excretion of 
carbonic acid is augmented in the cold stage of intermittent fever, 
and still more so in the hot stages. “ When the patients perspire, 
the air they exhale hardly varies from the ordinary air. Again, 
the normal relations of the excretion of carbonic acid remain 
unchanged in all chronic diseases combined with fever, as in 
chlorosis, diabetes, the beginning of cancer, nervous affections, and 
chronic inflammations. The quantity of consumed carbon falls in 
measles, scarlatina, roseola, erythema, during the period of suppur- 
ation, in scurvy, in purpura, anemia, anasarca, the last stages of 
cancerous, serofulous, or syphilitic degenerations, in typhus, dysen- 








‘Hannover has attempted to determine the quantity of 
acid exhaled in chlorosis; he employed four girls in these experi 
‘ments, which so far admitted of comparison with’ 
tions, that three of these girls were of neurly the same ageas the girl 
ited upon by the latter observer ; the fourth girl, when im 


tive ages were 15, 16, and 18 years, exhaled, according to 
0°6666, 0°6105, and. On6i4 oe patna ae 
quently, an amount of carbonic acid far the quantity 
eliminated by the healthy girl. ‘This fact is the more worthy of 
notice as there is reason to believe that the blood-corpuscles parti 
cipate in the absorption of oxygen, and in the formation of ear- 


onic acid, although in those cases in which it has been proved 
with tolerable certainty that the bl sare considerably. 
diminished, it has been found that the excretion of carbonic acid is 
increased rather than diminished. Although we are not quite 
justified in concluding from this fact, that the blood-cells. are 
devoid of all influence on the formation and excretion of carbonic: 
acid, it is quite certain that they do not contribute very essentially. 
to the interchange of gases, and that the source of the carbonic 
‘acid, as we learn from other experiments, has to be mainly sought 
in the metamorphoses of the tissues, and only to a very slight degree 
in the processes occurring in the blood-cells. Moreover, in these 
chlorotic patients, the absolute quantity of the excreted carbonic 

acid stood in an inverse rutio to the number php 
which, as we have already seen, is the reverse of what we observe in 
the normal state. Hannover was unable to discover any increase 
Lisionl bes, obwidhstantig the. rest devtlopsaat ae 
acid; indeed, chlorotic patients generally complain much more of 
cold than of heat, 

All these experiments of Hannover were conducted with 
greatest care in every respect ; for besides making a very 
‘examination of the special form of disease, he very carefully 
in each respiratory experiment the numbers of the pulsations 
respirations, the temperature, the height of the fies 
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‘bodily weight, and the age and constitution of the individual All 
the experiments were made in the middle of the day between 10and 
1 o'clock, and the patient was in no case suffered to remain more 
than half an hour in the apparatus. ‘The observations were made 
principally between the months of September and December. 

Hannover instituted experiments on the respiration of five 
persons suffering from pulmonary tuberculosis ; the tubercles being 
in part already softened and suppurating. ‘The absolute amount 
of carbonic acid generally increases with the number of the respi- 
rations, while the relative amount (that which is contained in a 
definite volume of air) diminishes. ‘The other experiments made 
by Hannover on the excretion of carbonic acid in some other 
morbid conditions, are too disconnected to admit of our deriving 
any definite results from them. 

Doyére repeatedly examined] the air expired by a young girl 
who had cholera, and continued his observations till the death of 
the patient; he found that the excretion of carbonic acid was 
generally much diminished in this disease, and that this excretion 
‘was augmented as soon as the general condition of the patient 


proved. 

Malcolm instituted a more exact series of experiments, ac- 
cording to Prout’s method, on this relation in typhus, in which he, 
of course, determined only the relative quantity of carbonic acid 
in the expired air. This observer found that in nineteen cases of 
mild typhus the quantity of carbonic acid contained in 100 volumes 
of the expired air, varied between 1°18 and 4°15; the mean of all 
these observations gave the number 2-498, but this quantity fell 
to 22929 in seven more severe cases of typhus. Prout gives 
8-96 a8 the mean number for persons in health; the relative 
amount of carbonic acid in the expirations is therefore very con 
siderably diminished in typhus. ‘The amount of carbonic acid in 
the air cannot be brought: into any definite proportion either to 
the number of the respirations or of the pulsations, 

Here again we perceive the great deficiencies of pathological 
ety, which does not even supply us with the necessary 
materials for establishing a system, On the other hand, it must 
be admitted that the charge of inapplicability to medical practice, 
which has been advanced against this section of physi 
chemistry, is less just in the case of the respiration than in the 
theory of digestion (seep. 308). Until recently, the determination 
of the respirations, and of the contractions of the heart in cases 
of disease, were little more than mere symbols, which nothing but. 





























‘THEORY. 387 


vations of Magnus and Marchand, to which we have already 
referred, and according to which the fresh blood exhibited no 
chemical attraction from oxygen, might incline us to believe that 
all the oxygen absorbed by the blood in the lungs passed un- 
changed, that is to say, uncombined, into the capillaries of the 
greater circulation, and from thence into the parenchyma of the 
organs. This, however, is by no means the case, and we have 
already given the reasons, which seem to show that a part of the 
absorbed oxygen enters into chemical combinations even in the 
arterial blood. We need here only refer to the peculiar relation of 
the crystalline substance of the blood towards gases [see note to 
voli, p. 373 in the Appendix], and to Liebig’s apodietic proof, that 
‘as the blood considered as a fluid can mechanically absorb only 9 
very small portion of oxygen, the greatest part of the oxygen which 
disappears during respiration must of necessity be chemically 
absorbed. : 

The very careful and admirable experiments of G. Liebig* 
appear at first sight to oppose the idea of a chemical absorption 
of the oxygen in the lungs; for he found that the differences of 
temperature in the different parts of the circulating system, 
including both the arterial and the venous systems, were solely 
referrible to the physical laws of the radiation of heat, &c., and 
that in the lungs especially, the blood not only undergoes no 
clevation, but even a slight depression of temperature. 

Here, therefore, we obtain for the first time, through G. Liebig’s 
investigations, a direct confirmation of the early hypothesis, that 
the blood is cooled in the lungs by respiration. ‘This fact appears, 
as has already been stated, to stand in direct opposition to the 
assumption that the oxygen is chemically absorbed, at all events 
in part, in the arterial system. This discrepancy is, however, 
merely apparent, as we may readily perceive, when we consider 
that only a part of the oxygen that enters the blood is chemically 
absorbed, that a great part of the free heat is consumed in the 
restoration of the carbonic acid to its gaseous form and in the 
evaporation of water, that the specific heat of water is very great, 
and that the difference of temperature between the blood in the 
left side of the heart and that of the right side is extremely small. 
If we follow G. Liebig’s experiments in their details, more 
especially in reference to the testing of the methods of observation, 
and observe how the temperature of the blood in the different 

« Ucter a, Temperaturunterachiede d. vendeen u, arterellen Bluta. Tnang. 
‘Ah. d, Med. Fac, 2u Giessen vorgel. 1853. 
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capillaries. When we fully consider the differences exhibited in 
the blood before and after the absorption of the oxygen in the 
lungs (see vol. ii, pp. 248 and 259), we shall find some diffi- 
culty in yielding to the opinion, that the parenchyma of vitally 
active organs is the only destination of the oxygen. 
Wel spl sek Sn Snelson, ase amr: Cas 
influence of the different nutrient substances on the process of 
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within the course of the blood. 


veyed to the lungs and the condensed gases of the blood of the 
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and many other physical principles bearing upon this subject. 
Although we ean scarcely yet venture to hope that we are 
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surface of the lungs in a manner corresponding entirely to known 
physical laws as well as to positive facts; there are few theories 
in physiology which have resulted from such numerous and care- 
fully conducted experiments as those which Vierordt established, 
and which he based upon the laws of absorption discovered by 
Henry and Dalton, Henry has shown that the quantity or the 
volume of an absorbed gas depends entirely upon the pressure 
under which the gas above the fluid remains after the absorption 
has been completed; while Dalton has proved that in the mixed 
gases the pressure of each individual gas, which, as is well known, 
is entirely independent of that of the intermixed gases, alone 
determines the proportion in which this gas is absorbed by a fluid. 
If, therefore, there be more carbonic acid contained in the blood 
than the pressure of the carbonic acid in the pulmonary vesicles 
is able to maintain in a state of condensation, a corresponding 
quantity will escape from the blood, until the amount of carbonic 
acid in the blood is reduced to the number corresponding to the 
amount which would be absorbed by blood containing no carbonic 
acid, and exposed to a tension equal to the carbonic-acid pressure 
onthe pulmonary vesicles. The quantity of carbonic acid thus 
passing into the pulmonary vesicles would therefore depend, in 
part, upon the quantity of this gas condensed in the blood, and 
in part upon the tension of the carbonic acid gas already contained 
in the air of the pulmonary vesicles. Under the relations 
occurring in the animal body a motion in a directly opposite 
direction would be imparted to the oxygen. The blood, when it 
enters the lungs, is not sufficiently saturated with oxygen, and is 
able, under the pressure which it then experiences, to absorb a 
larger quantity of this gas; the tension of the oxygen contained 
in the pulmonary vesicles is so considerable, that a portion of it is 
transferred into the blood, and there condensed, Both gases are 
therefore quite independent of each other, as the more correct 
physical explanation would lead us to infer; their interchange is 
not effected by mutual displacement, but is determined for each gas 
by the quantity of condensed gas in the blood, and by the tension 
of the corresponding elastic fluid gas contained in the air of the 
pulmonary vesicles. 

There can be no doubt whatever that this law of Dalton 
applies perfectly and completely to the free gas contained in the 
blood (whether mechanically combined or absorbed), and hence it 
must constitute one of the most important factors in the inter~ 
change of gases in the lungs; but we have already seen that a very 
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extend our work to an unreasonable size. Besides this, it is still 
questionable whether the theory of animal heat, which embraces 
so many purely physical and purely physiological laws and facts, 
can, strictly speaking, be considered as pertaining to physiological 
chemistry ; for, if we admit its claim to this rank, we might with 
equal justice be called upon to enter into a more detailed expo- 
sition of the theory of animal electricity, since this, no less than 
the theory of animal heat, is based upon chemical inquiry. We 
ought to observe, however, that the special heat of every animal 
organism is merely the result of chemical combinations formed 
within it. No one has elaborated this proposition with more 
‘argumentative ingenuity and ability than Liebig; and nothing but 
excessive incredulity, combined with an inadequate knowledge of 
physical laws, could lead any one to doubt the correctness of his 
exposition. Dulong* and Despretz} are, however, almost the 
only inquirers who have afforded us any positive investigations i 

relation to the main point of this subject; and according to their 
observations, only from seven to nine-tenths of the heat generated 
in the organism can be referred to oxidation. Too much im- 
portance must not, however, be attached to these results, for it 
must’ be admitted that the method of investigation employed by 
these inquirers was not entirely free from blame, while, moreover, 
they exhibited extraordinary instability in their estimate of the 
number of the units of heat developed from the carbon, as well as 
from the hydrogen, during oxidation. If, however, future investi- 
gations should enable us to become better acquainted with the 
heat that is evolved from the combustion of the carbon and 
hydrogen (and especially to determine it with accuracy in those 
‘cases where, as in the animal organism, the elementary atoms to 
be burned must be only gradually dissolved by the oxygen from 
very complicated compounds), and if repeated zo0-calorimetric 
investigations, free from the errors of the above-named physicists, 
should lead to the desired result, that the animal heat which 
is developed entirely corresponds to the quantity of carbon and 
hydrogen burned in the body, then it would indeed appear most 
wonderful that other chemical excitants of heat, which are suffi- 
ciently obvious to every one, should be altogether excluded from 
the animal organism. Why should the chemical union of acid 
‘and base, and the many decompositions and other processes, 
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what shaken by the consideration, that many of the so-called cold- 
blooded animals from the agility of their movements, the nature 
of their food, their respiratory equivalents, the energy of their 
growth and nutrition, in short, from the amount of their metamor- 
phosis of matter, are not so far different from mammals and birds 
as to establish the necessity of this high degree of temperature for 
the maintenance of life, and the energetic performance of the most 
essential vital functions. And are we not arguing in a circle, when 
we assert that animal heat is subservient to the metamorphosis of 
matter, and that the latter again is subservient to the promotion of 
animal heat? If we were to assume, that this high degree of tem- 
erature is necessary for the formation of the tissues from nitroge- 
nous food, as well as for the functions of the organs, and that 
amylaceous substances are taken up in the organism merely for the 
purpose of generating this degree of temperature, the cold-blooded 
animals, which are not inferior to higher animals in rapidity of 
growth, and not unfrequently equal them in the energy of their 
vital functions, would, even under such limitations, refute these 
conclusions. If the carbo-hydrates were consumed by animals 
merely for the purpose of generating heat, it seems teleologically 
incomprehensible why certain fishes, whose animel heat never rises 
above the surrounding medium, even after the most active move- 
ments, should live almost exclusively upon amylaceous matters. 
(We need only instance the case of gold-fishes, which live for years 
‘on no other food than wafers.) We have already endeavoured 
(pp. 216-221) to indicate the objects which may be fulGiled by 
the carbo-hydrates beyond that of generating heat in the animal 
body. We do not, however, intend hy these remarks to disparage 
the importance of animal heat in relation to life. All the admi- 
able investigations which have led us to recognise an internal con- 
nection between respiration, certain nutrient matters, and animal 
heat, have afforded us a deeper insight into the vital processes; and 
hence it is no poetical imagery to connect the life of respiring 
beings in reference to their production of heat with the process of 
combustion. Animal heat does not, however, on that account 
‘occupy a higher place than every other phenomenon, end every 
other result which is manifested in the active living organism ; at 
once an effect and a cause, it proceeds, as in combustion, from pro- 
cesses on which it exerts a favourable reflex action; it is only one, 
but not the highest link of that immeasurable series of phenomena 
which constitute the true substance of corporeal existence, and is 
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tions of one, who by his great discoveries in this department of 
science, as well as by his extraordinary powers of combination, has 
earned the right to be heard ; we need scarcely say that we refer to 
Liebig. For even when facts were wanting, and when the em- 
pirical data were unsettled and vacillating, the acuteness of his 
intellect has frequently revealed secrets in nature which have 
rarely failed, on subsequent investigation, to verify the correctness 
of his views. 





Nurarriox, 


proposition, that the study of the process of nutrition was the 
‘crowning point or final aim of all our researches in physiological 
chemistry; but although all our previous considerations and all 
our researches tended ultimately towards this point, we are still 
far removed from it, nor shall we find that our exertions have been 
rewarded with the success we might have hoped to achieve. Even 
here we are compelled to rest satisfied with a mere sketch, which 
notwithstanding a few sharply defined outlines, is still so imperfect 
that it must be left: very much to the imagination of individual 
inguirers to fill up the deficiencies according to their own concep- 
tion of what is needed for its completion, not forgetting that the 
colours which are thus superadded must soon merge, according to 
circumstances, into other tints, and can only be fully realised by 
those who are familiar with the subject. 

In the course of our considerations we have acquainted our- 
selves with all the substrata in which the animal processes are 
effected; we next endeavoured to ascertain the mutual relations of 
the different substrata and processes in the accomplishment of the 
most essential functions of animal life, both in their general and 
special conditions, and we sought to study the parts assigned by 
nature to each of the four great groups of substrata, or to their 
individual members, within the animal organism. It would scarcely, 
therefore, appear necessary to enter into any elaborate exposition 
or investigation of those matters, which are necessary to the con- 
tinuation or maintenance of vital motion when once induced, for 
that which has once been exhausted can necessarily be replaced 


‘We have already, in the beginning of this work, advanced the | 
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‘The nutrient quality of any one substance depends upon the inter- 
vention of some other body ; and it is only by the reciprocal action of 
these four fundamental substances that life can be maintained, even 
as it was originally begun and influenced by the same means. We 
ought, therefore, to distinguish, in our consideration of the absorp- 
tion of matter necessary for the maintenance of life, between those 
‘essential nutrient matterswhich we have learnt to know as adjunctsin 
‘the metamorphosis of matter and those articles of food, which origi- 
nating either in the vegetable or animal kingdom, generally contain 
the former in combinations of the most varied proportions. ‘This 
is, however, so obvious, that after what has been already advanced, 
it would be superfluous to enter further into the subject. But 
if the various articles of food differ to so extraordinary a degree 
in the amount of nutrient matters belonging to these four groups, it 
would not seem out of place to estimate the value of food by the pro- 
portion in which these substances are combined in them, #0 as best 
to promote nutrition. However justly the albuminous matters may 
be termed histogenetic or organo-plastic, and however indispen- 
sable they may be to the vital organs, we must necessarily ascribe 
‘a very limited nutritive force to all articles of food which in addi- 
tion to the albuminates contain neither fats nor carbo-hydrates, and 
even if all these matters were combined together in one article of 
food, we could scarcely ascribe to it any great degree of nutrient 
force, unless there were also phosphates and other salts present in 
it, for no cell or fibre could be formed or regenerated without the 
co-operation of these salts. If, therefore, all four groups of nutrient 
substances are equally necessary to afford compensation to the animal 
organism for the matters which have become effete, or to supply 
materials for the establishment of new manifestations of force, 
those articles of food will be the best and the most invigorating 
which consist of such substances combined in the proportion which 
is best adapted to the animal organism. Hence we see, that the 
idea of the nutritive value of any article of food is entirely relative, 
as it depends partly upon the proportion in which the four funda~ 
mental bases of nutrition are mixed in it, and partly upon 
the individual requirements of the organism that is to be 
nourished. 

‘There are, therefore, two points which specially demand our 
attention in entering upon a scientific consideration of food 
generally, and of its nutritive qualities specially; the first refers to 
the amount of these four elements, which it contains; and the 
second, to the circumstances under which the organism exhibits a 
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investigators, amongst whom Boussingault ranks foremost,* have 
more especially directed their attention to the amount of these 
matters contained in the food. As vegetable food commonly con- 
tains only very small quantities of other nitrogenous matters besides 
the albuminates, it was thought that the nitrogen they contained 
would afford a proximate measure of the value of these matters 
in reference to the reproduction of the tissues, and, therefore, to 
‘one of the most important parts of the metamorphosis of matter, 
Besides Boussingault, Thomson,+ and more especially Schloss- 
berger t and Horsford,f in part under the direction of Liebig, have 
made tolerably extended investigations in relation to this subject. 
Licbig has, moreover, suggested the institution of very complete 
investigations in reference to the other classes of nutrient matters, 
with a view of determining the quantity of the carbo-hydrates or 
starch and of salts contained in a number of different articles of food ; 
Horsford and Krocker || have made the most admirable observa- 
tions in respeet to this point. As the numbers obtained in these 
inquiries are of the highest importance to nutrition in more than 
‘one point of view, although it is not possible to give a comprehen- 
sive list of them, we are induced contrary to our usual custom, to 
give the fundamental values found by these different observers. 
100 parts of the thoroughly dried substances yielded the following 
results -— 
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their composition that they cannot fulfil the same objects as the 
truo albuminous substances. 

‘The following table gives the results of those investigations of 
Horsford which were at the same time directed to the elucidation 
of the amount of ash and sulphur contained in vegetable food :— 
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‘The numbers of the non-nitrogenous substances, given in the 
fAfth column, refer not only to the starch, but include, in addition 
to this, the cellulose, wax, or fat, &c. ; and hence it was important 
to determine directly the starch contained in these substances. 
Krocker made determinations of this kind, which yielded the follow- 
ing numbers for every 100 parts of the dried substance :-— 
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that is to say, the relatively best kinds of food must contain fat as 


which it requires; but independently of the fact, that this produc- 
tion of fat would appear from all our positive experiments to be 
tolerubly limited, the production of sugar in the animal organism. 
shows, that fat and sugar have very different and not 

objects to fulfil in it (see p. 220). Ifit be true that the dictates of 
animal instinct ought in general to be followed, this is more espe- 
cially the case in reference to the selection of food. ‘The general 
‘ipod eacabiasWighly "ems ?iasot Soa Veale Rea 
fatty matters with amylaceous substances, and the undoubted 
greater digestibility of such mixtures, prove no less than the 
simultaneous occurrence of fat und sugar in the mitk of animals, 
which is generally recognised as a normal type of food, that both 
sc a cates net ae a 
ment which perfectly satisfies the requirements of the animal 
organism. If, therefore, any one of these substances may serve 
in certain general relations as a substitute for another, especially 
in reference to the development of heat, this does not in any way 
militate against the special utility of either. But when Liebig 
ineluded such different substances as fats and carbo-hydrates under 
the general designation of respiratory elements, he was far from 
holding the opinion that, independently of the difference in their 
capnecity for generating heat or their so-called respiratory value, they 
‘were of equal importance in the metamorphosis of animal matters— 
a fact of which we might readily convince ourselves by an attentive 
study of his most recent deductions regarding the forms of metamor- 
pphosis which the fatsand sugar undergo. Although Liebig compares 
animals to “moving furnances” in respect to the development of 
heat and its causes in the animal body, it requires a strong faith to 
interpret this expression in the broadest sense of the words, or to 
regard his somewhat overstrained physical view as calling for 
serious refutation, Licbig ranks the fats with the carbo-hydrates in 
his consideration of the different articles of foow, on the one hand, 
because both serve to compensate for the carbon and hydrogen 
which are lost through the longs, and on the other hand, because 
however much might be advanced in favour of a systematic sepa 
rafts ron hi pei fanon ne metumorai 
of animal matter have not been determined with sufficient strict 
ness either by decidled experiments or direct observation. ‘The 
time, however, will come, and is assuredly not far distant, when we 


relatively less sugar and more fat and 
while asses’ milk contains very little casein, but, on 





tested iad resect elie REE 
attaining to determinate numerical values; from these we may 
{han damit’ genarl calay Sfeaoney TOA ih Perinat 
enabled to predict with mathematical certainty the result of any defi- 
nite action upon the animal organism. ‘The funetions which must be 
considered 





‘certainly very: 

very many investigations have still to be made before this object 
can beattained. Buti this be an extensive field whose cultivation 
is still beset with great difficulties, it yet promises the richest 
edie Whig ey nee yaa yt NREL 
‘make a marked impression upon practical life. Dietetics would 
then be based upon a firmer foundation, and it will no longer remain 
‘a mere illusive idea that the healing art may be made accessible to 
‘exact inquiry. 

‘A more important question than the determination of the rela 
tions of mixture in different articles of nutrition sthatof the absolute 
quantities of food which are requisite for the maintenance of life, 
and for the energetic accomplishment of all its functions. A very 
«great number of observations which contribute towards the solution 
of this question have been made on man as well us om animals. 


question of the quantities of favourably mixed food, which the 
organism requires for its natural well-being. If for the present: we 
these ‘entirely out of the question, 


‘experimenting upon 
‘or upon animals with teal seule yomson erally 

















‘ever important it may be to know the minimum 
{for the continuance of the life of the organism, these 
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iments afford very slight indications of the quantities of food which 
fare necessary to maintain the animal in perfect health and in. the 
fall use of its powers. When we deprive an aniinal of all food, all 
its functions become impaired, both in their intensity and extent 
and abnormal symptoms frequently occur, such as diarrhoea, stases 


which to judge of the quantity of food indispensable to life, we must 
remember that this measure would scarcely suffice to afford the 
organism more than a scanty existence, for, as we have already 
stated, the fanctions of the organs, the manifestations of force, and 
the metamorphosis of beer preonwe Roe 
ina state of repletion and in inanition, Such experiments are 


amount of food which may give the organism the full use of its 
faculties? If the absorption of nutrient matters in the intestine, 
that is to say, the ion of digested matters were limited to a 
greater extent than it really is, if no more nutrient matters entered 
the blood than were necessary for the reproduction of the tissues 
and of the various functions, we might, perhaps, notwithstanding 
some difficulties, calculate with tolerable exactness the amount of 
food required for the organism, from a comparison of the excre- 
tions and the food which had passed unchanged into the faeces, 
‘Now we know, from our previous considerations, that the organism 
is not able to convert an unlimited quantity of nutrient matter into 
Dood swe always foun that afer partaking abundantly any kiod 
of nutrient substance, some portion of it remained unchanged. ‘The 

‘exact determinations by weight, made by Boussingault in reference 
to fat, those of Bidder and Schmidt in reference to the albu- 
minates, and those of von Becker in reference to the carho-hydrates, 
prove that only definite quantities of these substances can be 
resorbed by the intestine within a certain period of time. But 
nature has also here given very wide limits to animal motions ; 
thus, for instance, very many experiments show that the organism 
is uble to absorh through the intestinal capillaries and the lymph- 
atics a much Jarger amount of nutrient matter or chyle, than it 
requires for the restitution of the effete substances, or for the 
accomplishment of different. parposes of life. In overfeeding the 


enters as superfluous nutrient matter into the blood, where it is 











lad the way, and he instituted a numerous series of investigations 
which have already yielded the most brilliant results. Yet not- 
withstanding all these investigations we have hitherto failed in 
establishing any sharply defined determinations of the amount of 
food necessary to the organism under certain given relations. How- 
ever much we may have learnt from the laborious researches of 
different inquirers, we are still entirely wanting in the exact normal 
determinations, to which we had hoped to attain in this depart~ 
‘ment of science, 

‘The sketch which we have here given of the experiments made 


upon in the course of this work, we have deferred to the present 
moment entering more fully into this question, as it has the most 


these eases than usually occurs under the ordi 
nutrition in ducks. Nor ean any one deny, that food dif 
‘much from the ordinary kind, as rolled up pieces of 

gelatin, must be quite inadequate to afford any 


excrements were not only weighed, but d 
stance that the intestinal exeretion was different 
from what it was in a state of fasting, must 

the accuracy of the results; for we know, and shall 
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diet increases the amount of fibrin (as I have observed* in my own 
case,) after living exclusively on purely animal food, and augments 
the amount of the phosphates and of the salts generally. The 
quantity of fat in the blood increases even during the first hour 
after the use of food which is rich in fat; but it speedily falls 

‘The blood of dogs is for the most part of a somewhat lighter 
shade of colour when kept on vegetable than when kept on animal 
food, and the sinking capacity of the blood-corpuscles is somewhat. 
smaller; the specific gravity of the blood, as well us that of the 
serum, is increased during the first five hours by a vegetable diet 
(especially if this be combined with the simultaneous use of sugar). 
‘The amount of fibrin is not altered ; the fat, however, is somewhat 
diminished, whilst the amount of the salts including that of the 
phosphates is somewhat lessened. 

Continuous deprivation of food renders the blood somewhat 
paler in colour, retards its coagulation, and raises the specific 
gravity both of the blood and of the serum; the number of the 
blood-corpuscles is very fluctuating ; the fibrin rises only slightly 5 
while the amount of the salts is very considerably increased. 

After the last meal the quantity of the solid constituents of 
the blood increases to the ninth hour, when it again begins to 
sink, 

‘The few results which Nasse has been able to deduce from the 
careful labours which he prosecuted for years, show how unable we 
still are to trace the metamorphosis of the nutrient matters in 
nutrition through its individual phases. We have here a confirma 
tion of the remarks which we made in our introduction, that our 
knowledge of the internal metamorphosis of matter is still extremely 
incomplete, and that it is only by a comparison of the chemical 
qualities of the different juices and tissues, and more especially by 
carefully conducted statistics of the final results of the metamor- 
Phosis of animal matter, that we can hope to form a correct judg- 
ment or arrive at anything like conclusive views. We cannot, 
therefore, trace in detail the final destinies to which the albu- 
minates, the fats, the carbo-hydrates, and the salts are subjected;in 
the animal body, nor can we venture to do more than indicate the 
facts that lead us to those considerations, which we have already 
given in relation to the metamorphosis of matter generally (see 
p- 207). It, therefore, only remains for us to notice, in reference 
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For the cow, therefore, every 100 parts of the elements of 

the food are distributed in the following proportions in the 
exereta:— 








It will be unnecessary to consider at the present time the con 
clusions to be drawn from these experiments, partly because they 
are self-evident from a mere inspection of the table itself, and 
partly because we shall revert to them at a future page, when. 
we shall enter upon the consideration of similar experiments. 

Valentin has also directed his attention to the distribution of 
the salts in the metamorphosis of matter, for which purpose he 
instituted a comprehensive series of experiments ona horse. These 
experiments yielded several interesting results in regard to the 
resorption of certain mineral substances in the intestine: it was 
found that lime, phosphoric acid, and the alkaline salts were pre- 
sent in great abundanee in the urine (having been absorbed during 
digestion) ; but that the magnesia occurred only in very small 
quantities. In the ash of the excrement the phosphate of magnesin 
was to the phosphate of lime in an inverse ratio to that which 
occurred in the food, because 60-234 of the magnesia, which had 
been absorbed, was again climinated with the solid exerements, 
whilst only about 253 of the absorbed lime was again given off with 
the fees. (Hence arise the frequent intestinal concretions observed 
in herbivorous animals.) 

‘A mare whose weight was 935 Ibs., and her age four years, 
consumed daily for nutrition and growth, and for other excretions 
than the faeces and urine, 2025 ounces of lime, 0'125 of an ounce 
of magnesia, 0-74 of an ounce of silica, 0-035 of an ounce of 
chlorine, 0°64 of an ounce of sulphuric acid, 19°25 ounces of phos- 
phoric acid,and 0°76 of an ounce of alkalies. Thus, too, « tolerably. 
large proportion of the silica, which had been contained in the food, 
could not be again found in the exerements and the urine. Of the 
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exactly the same as in feeding with fat meat, and hence, for the 
sake of brevity, we shall omit all further details. 

If we pause for a momeut in our consideration of the excretion 
of the elements, we shall find the most. decisive confirmation, in 
two interesting series of experiments by Schmidt, of the proposi- 
tion first enounced by Licbig, that the bile is not only resorbed in 
the intestine, butis also consumed, and for the most part separated 
through the lungs. ‘Thus, for instance, we find from the statistical 
observations made by Schmidt on two dogs, having biliary fistule, 
that whether the animals bad had a very abundant or only scanty 
flesh-diet, from 104 to 12§ of the absorbed carbon, and from 11§ to 
ie of the sbaarbed hydrogen wee exreted bythe ile end that 
this loss was not uniformly distributed through the excretions, but 
was exclusively limited to the products of respiration. Only 33 
or 3:28 of the absorbed nitrogen passes into the bile, and this 
is as nearly as possible the quantity which is missing from the 
urine, 

‘We regret that we are compelled to deviate from our general 
rule in respect to this comprehensive inquiry, by omitting to con- 
firm by numerical data the facts and conclusions that have been 
advanced ; but had we done otherwise we should have been obliged 





content ourselves with giving the most important conclusions 
deduced from his inquiries, more especially as many points refer- 
ring to the individual factors of the metamorphosis of matter 
would have been introduced in the proper place, had we been 
earlier acquainted with the special details of these admirable 
labours. 

‘We learn from the experiments on cats, that for 1000 grammes? 
weight of these animals there are required in the twenty-four hours 
‘at least as much as 44°18 grammes of flesh to maintain the original 
bodily weight,and that in addition to this,18°632 grammes of oxygen 
‘must be absorbed in order to apply this nutrient matter to the 
wants of the organism; and, consequently, that the minimum of 


oxygen about 1-85th of the whole weight of the body. On the 
other hand, when the animals are kept without food, only 29-118 
grammes are lost in the course of twenty-four hours from the whole 
weight of the body by the exeretions (between the third and the 
ninth day), to the metamorphosis of which 15°749 grammes of 
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Accurate quantitative determinations regarding the influence 





sta eee epeinene eran APY siete 
strated the importance of salt for the well-being of the organism— 
1 fact which has been subsequently confirmed by the researches of 
Plouviex + and Dupasquier.} ‘The most decisive conclusions in 
reference to this subject are however afforded by the investigations 
which have heen carried on by Boussingault,§ Playfair,|| Thomson, 
Payen and Gasparin,** Persozt} and others, in reference to the 
fattening of animals with various kinds of fodder, Since we shall 
subsequently revert to the influences which most essentially affect 
the augmentation of the weight (during growth or the process of 
fattening) we shall here merely give the results (by way of illustra- 
tion) which Boussingault obtained in his experiments on cows, 
Potatoes and beet-root alone were insufficient to nourish a cow 
(Chat is to say, to retain it at the same bodily weight), even when 
these kinds of food were supplied to the animal in very great 
excess. It follows from these, as well as from certain earlier inves 
tigations, that every kind of food is insufficient, (1) if it cannot be 
taken in such large quantities that its nitrogenous matters may 
serve to replace the organic particles rendered effete hy the meta- 
morphosis of tissue, (2) ifits digestible constituents do not contain 
sufficient carbon to supply the carbon which is lost by the respira 
tion and other excretions, (8) if it does not contain sufficient salts, 
especially phosphates, and, (4) consequently, we find that a certain 
quantity of fat in the food, notwithstanding the simultaneous pre~ 
sence of earbo-hydrates, if not positively mecessary, is yet very 
desirable in order to retain the organism in a healthy condition. 

Tt seems placed almost heyond doubt, by these experiments, 

# Ann. do Chim, ot de Phys, me 8ér. T. 19, pp. 117-123. 
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‘Two very carefully conducted series of observations on in- 
anition have been made by Bidder and Schmidt on cats. In one 


third day to the period of its death; on the whole it lost 13303. 
grammes or 51°7} of its weight, the average daily loss con- 
sequently being 73:9 grammes or 2°87; these numbers, as we 
perceive, 


day it corresponded 
auanciyof carbon tat a 68 png 204 SCs Oh eae 
‘of the body); subsequently the amount of carbonic acid 
phe Sintering a 
the two last days that the excreted carbon sunk very considerably 
as compared with the loss of bodily weight. 

‘The secretion of urine at first diminished in x far more ropid 
proportion than the bodily weight, but afterwards, till the sixteenth 
day, the loss proceeded in each in almost the same proportions 
the urine, like the carbonic acid, diminished considerably 
the two last days. The urine was richer than usual in phosphoric 
and sulphuric acids; the chlorides disappeared after the first few 
days. ‘The ratio between the sulphuric and phosphoric acids in 
the urine remained constant during the whole period of inanition. 

From the tenth day of inanition all the bile that was secreted 
passed into the faces, (Schmidt had calculated the quantity of 
bile which this animal should secrete from observations on cats in 
which biliary fistulae bad been formed; see vol. ii, p. 78.) ‘The 
ingestion of water was found at every period of inanition to 
increase the urinary secretion and all its constituents, but it did 
not affect the exhalation of carbonic acid gas; hence we must 
conclude, with Schmidt, that the augmentation of the urinary 
secretion does not in any way depend upon a greater intensity of 
the poco in a hte ly doped pn he 
circumstance that the urinary constituents, accumulated in the 
blood, are more rapidly eliminated by the agency of the water. 

Since the muscular substance (with the connective tissue),_ 
when freed from fat, contains, according to Schmidt's 
5004 of carbon, 6573 of hydrogen, 15-078. of sikogen, S134, 

VO, 1 


fectlon, exhibited spplaranin Of beg WE 
Moreover, according to Schmidt's 




















cexeretions, in the manner have 








discharged, 
Feeth only 1107 grasnes ot See 
rein i, 187 ts eae 


of the individual organs within the limits 
to which the organism can attai 
Although a te crane donot prose 
is typical development, they yet sin 
‘or les extent in this general increase 


et 


BREE 
i 
nl 
i 
i 


‘An increase of bodily weight is, however, 
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Ke fattening of agricultural stock,—a process which consists 
essentially in an augmentation of the fat in the organism, and 
very often assumes a course very different from that of normal 
natebony for we eanndt raed th denon of x nt Bf 
in geese, or the frequently observed partial disappearance of the 
nitrogenous constituents of organs, as, for instance, the muscles, 
in certain modes of fattening, as normal processes. Unfortunately, 
however, we are not entirely in possession of the conditions neces 
sary to give any one special direction to the process of nutrition, 
by which we might be enabled to determine the relations already 
indicated. The difficulties which the unequal development of 


Circumstance that we are not able to make nutrition assume any 
special form, either by means of food or any other external 
relations. ‘The ingenious combinations of Liebig have sufficiently 
shown us the conditions under which, independently of proper 
food, « more abundant deposition of fat may be formed in the 
animal organism; and many of the im 

B 





increased exercise of the organ gives rise to an increase of volume 
and weight exceeding the normal growth, whilst the deposition of 
fat is at all events very greatly favoured by the opposite relations. 


facts yielded by exact inquiry. 
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gram grammes. 
IL. A pig aged 8 months weighed 60055°O grammes its dried. 
skeleton 2901-0 grammes; the ash 1349'5 grammes. 

* Ann. de Chim. et de Phys. Sme Sér. T. 16, p. 406-495- 
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100 parts of the contents of the un-incubated egg consis 


1072 parts of fat. 
1683, matters free from fat, namely 819 in the albumen, and 
83°6 in the yolk, 


7259, water, 


After seven days? incubation 100 parts of the inner portion of 
the egg contained— 
9°32 parts of ether-extract 
1994, dry mater, froe from fat, of which 8:00 were albumen, 
7674) water. 
‘The albumen itself contained 4:9 per cent, of dry matter, free from fat. 
‘The thick yolk » 13s . 


Treligudyoe =) ee - 
‘The membranes nS = » 
The embryo » TT on > ” 
Theliquoramaii =, TS * * 


Consequently, during this period, the fat and the solid sub- 
stances generally have diminished, while the water has been 
relatively augmented. 

After fourteen days? incubation the inner membrane of the 
shell, the interior parts of the embryo, and, in one case, also the 
liquor amnii, exhibited an acid reaction. 100 parts of the inner 
portion of the egg contained— 

2-46 parts of other-extract 


1600 ‘dry matter, free from fat, in which there were 7-7 parts of albumen. 
Ws water. 


100 parts of albumen contained 3 parts of dry matter, free from fat, 


- the yolle 193 * » 
i membranes or » » 
» embryo 73 » . 
z liquor ama 14 ef * 


After ttoenty-one days? incubation — 


100 parta of the interior of the ogg contained 5°68 parts of fat. 
4 » 16-44 pirta of dry matter, freo from fat, of 
‘which one-eixth consisted of yells 

one-sixth of yolk-membrane, and 


‘tworthirds of the embryo. 
” » 1888 parts of water. 
100 parts of the yolk contained 29°0 parts of dry substance. 
» membrane 208 yy 


» ‘embryo M6 on 
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very admirable observa~ 
tion on a nearly full-grown cat, in reference to the assimilation of 
muscle and fat, This animal gained 337 grammes in weight in 
the oper ight days shee eign i cota 


weight. The animal had consumed during this experiment 
1866-7 grammes of flesh, with 27-4 grammes of fatty tissue, and 
had eliminated 62°36 grammes of nitrogen, Now, since, according 
to Schmidt’s analysis, the flesh consists of 70-268 of water, 5°713 


ing 53-01% of carbon and 16:11 of nitrogen), we may easily 
perceive that 36 grammes of nitrogen must have been 
derived from the decomposition of 387-09 grammés of muscular 
substance, or of 1695°5 grammes of flesh, As 1866-7 grammes of 
flesh were consumed, the difference between the two quantities 
gives us 171-2 grammes as the quantity of flesh retained in the 
body. As, however, the increased weight of the body amounts to 
337 grammes, the question arises, how far the remaining portion 
of the assimilated materials (155° grammes) is derived from 
assimilated fat or from the water retained in the body. ‘These 
387-09 grammes of decomposed dry muscular substance contain 
205-20 grammes of carbon; but in addition to this nitrogen 
(62°36 grammes), 194-02 grammes of carbon were eliminated, and 
consequently 18°11 grammes remained in the body. Since, there 
fore, the muscular substance is more than sufficient to compensate 
for the carbon which has been exereted during the metamorphosis 
‘of matter, it is not conceivable that the fats, together with 
muscular subst 





magnesia, 
according to Schmidt's analysis of the fatty tissue, 12°25 granimes 
of fat are taken up within the eight days, 127°27 grammes of fat 
are assimilated and remain in the hody, in addition to the above 
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since it will be impossible properly to introduce the different 
distances in the picture until the quantitative relations have been 
established and the points of sight determined. 
‘The present would seem a fitting place, in which to embrace the 
entire metamorphosis of matter in one grand comprehensive 
picture, which, being sketched in accordance with mathematical 
rales, may represent all the individeal parts in their natural and 
with, 


pencil oka: thus, for instance, in my investigations 
regarding the function of the liver and the formation of bile, 
hhave adopted those points of sight which refer to the quantitative 
relations of the juices flowing to and from the liver; the results of 
these experiments, which certainly exceeded the very limited expec 
tations I had formed of them, induced me in the case of other 
‘organs also to compare the ingesta with the egesta, and indeed far 
‘more important quantitative facts have already been obtained than 
one could have anticipated from the difficulty of procuring these 
egesta and ingesta in sufficient quantity, or in a condition adapted 
for examination, and from the very great deficiency of the means 
necessary for analysis. We have the more readily abstained from 
giving the fragmentary results of these yet unfinished labours, as 
they have already appeared in another place with all the neces- 
sary details, and would seem to be better adapted to some of the 
earlier sections of this work, 

‘C.Schmidt* has endeavoured to determine the intermediate meta- 
morphosis of tissue in another way, namely bya net-work of mathe 
matical lines he simultaneously compared the constitution of the 
different transudations and of the blood, and attempted to establish 
the quantitative relations between the two, and to determine the 
laws which influence the elimination of matters from the blood 
through certain tissues into definite organs. We have incorporated 
the most essential conclusions of this work in our second volumes 
but notwithstanding many brilliant facts and conclusions, it soon, 
became apparent that this method of investigation also failed in 
affording us eorrect answers to many questions. 

in setbentc wits lgefBeiomide bes trios a etd 

* Der, der k. sche. Ges d, Win 2m Leipaig. 1053. 

+ Charakteristik der Cholera. w, 


iis proportion is not essentially affected 
is altered by the use of highly amylaceous food, 


k 




















PATHOLOGICAL PROCESSES, 451 


the urine, the blood, the solid excrements, and the expired air in 
fone and the same disease in one and the same individual, and 

making careful determinations of the quantities of the egesta when. 
compared with the ingesta or the weight of the body, infinite pains 
have been taken to compare the composition of the blood in dif- 
ferent diseases without a suspicion of the insufficiency of our 
analytical methods, and their inability to afford us any insight into 
the interval metamorphosis of matter. We believe that we have 


sugar has everywhere been found. Yet this much discussed disease 
has never heen investigated with reference to the general metamor- 
hosis of matter; on no oceasion has any attempt been made to 
determine the ingesta and egesta of the body during its continuance 5 
and even those experiments which have been made to determine 
the relation of nutrition to the formation of sugar, have either been 
left incomplete, or have utterly failed in their object, while the 
relations of respiration, which are so important in this disease, are 
still shrouded in complete obscurity, A comprehensive examina- 
tion of the kind to which we refer is essentially needed in the case 
of inflammatory fever, or the inflammatory process accompanied 
by fever, which constitutes one of the main processes of most 
diseases. It would have served as the first point of attachment for 


patho- 

Jogical chemistry; 2 more favourable opportunity could searcely he 

found for establishing and examining from a physical point of view 

‘these complicated relations in the deviations from the normal 

course of the metamorphosis of matter, But the ground before us 

isstill unbroken, and the fruitful soil has as yet yielded little more 
than weeds. 

In reverting once more to the points of view which afford « 

prospect of a successful elaboration of pathological chemistry, and 

in in etnront i Semen oe 


ordinary difficulties of the pursuit, which will still require many 
yearsof labourto overcome: indeed, we have already endeavoured, 
throughout the whole course of this work, to place these difficulties 
in their true light, and to eaution our readers against attaching too 
aor 
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APPENDIX. 


ADDITIONS* AND NOTES TO VOLUME I. 


(1) Addition to p. 44, line 18.—We must not forget that oxalate 
of lime may possibly be formed during this process. We know 
that there is a close connexion between the excretion of uric acid 
and the formation of this salt, from the circumstance that in most 
specimens of urine, both sedimentary and non-sedimentary, oxalate 
of lime cannot be recognised by the microscope so long as the 
fluid is fresh, but as soon as crystals of uric acid present them- 
selves, crystals of oxalate of lime (at all events in small num- 
bers) may also be discovered; indeed, we generally find that in 
morbid urine the abundance of these erystals is proportional to the 
rapidity with which the free uric acid separates, Since uric acid, 
‘when acted upon by certain oxidising agents, may be decomposed 
into urea, allantoine, and oxalic acid, we may assume that a 
portion of the uricacid may be decomposed during this acid urinary 
fermentation, and that oxalic acid is formed from it—a possi- 
bility which is converted into a probability by the recent observa~ 
tion of Ranke,t that uric acid, on the addition of yeast and of an 
alkali, becomes decomposed at a high temperature into urea and 
oxalic acid. 





(2) Addition to p. 48, line 8.—Wahler and Frerichst have, ho 
ever, shown by direct experiments that uric acid is decomposed in 
the animal organism in precisely the same way as by peroxide of 
lead, since they found that after the injection of urates there was 
not merely an augmentation of the urea in the urine, but also that 
oxalic acid was present in it in larger quantity. 


(8) Addition to p. 50, line 19.—Scherer has likewise found 
formic acid, in association with other acids of this group, in the 

© ‘The “additions” are taken from the new German edition of thia work 
published in 1883. 


+ Journ. fpr. Ch. Ba, 86, 8.16, 
T Amn. d. Ch. u, Pharm, Ba. 65, 8, 340, 
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(4) Addition to p. 56, line 8 
“he has found 





© Vorkandl, a. phys-med, Ges. in Wirah. Ba, 2,8. 
+ hid, p. 321. 
+t Aum d, Ch. u, Pharm. Ba, 75,8, 27-46, 


certain that Inctic acid is formic acid coupled with aldehyde. If 
alanine consist of aldehyde and prussic acid, and if it is converted. 
‘hy lon at ta wma ie en a 
occurs) the atoms of prussic acid are decomposed into formic acid 
and ammonia, and that the latter is decomposed by nitrous acid 
into nitrogen and water. Since, moreover, the products of decom- 


aldehyde pre-exists 
thesis regarding the composition of lactic acid must be regarded 
as well established. 


(2) Nat to 9 Hing 10 [Bese he oes 
cxcalleat mem * Ox the Wecogation of al quantiles of aS 
acid in animal matters,” in the fourth volume of the Verhand- 
lungen der physicalisch-medicinischen Gesellschaft 2u Wiiraburg, 
1854. After the coagulation of the albuminous matters, either 
by heat, or where this is not effectual, by alcohol, the filtered fluid 
is evaporated to dryness, any membranes that may be formed 
being removed. "i sostns bal orale eal te 
tated with baryta-water, in order to remove the 
sulphuric acid, and the earthy phosphates. "Th eiyate it 
removed by filtration; the excess of baryta is precipitated by 
sulphuric acid, and the fluid again filtered. The filtrate is treated 
with a little sulphuric acid, and is submitted to distillation, in 
order to separate the volatile acids; viz., acetic, formic, butyric, and 
hydrochloric acids, ‘The residue left in the retort is very much 
concentrated, treated with strong alcohol, and allowed to stand for 
some days. ‘The sulphates of potash and soda being insoluble in 
alcohol, erystallise and adhere to the walls of the vessel. ‘The 
acid fluid is then decanted, and, after the addition of milk of lime, 
the alcohol is evaporated or distilled; we then filter while still 
warm, and remove the excess of insoluble hydrate of lime and the 
sulphate of lime that has been formed, and allow the filtered 
neutral solution to stand for some days, If the fluid should still 
exhibit an alkaline reaction from the presence of dissolved 


(8) Addition to p.93, last lin 


‘communicated to me that in his experi 
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in spirit: even if all the chloride of calcium were not extracted 
by alcohol, and if the transition of the acid to the magnesia, 
protoxide of iron, or oxide of zine or of copper, did not allow us 
to recognise the acid, we might have concluded that these crystals 
were “hydrated chloride of calcium and lime,” but the determi- 
nation of the saturating capacity from the magnesian salt removed 
all doubt. 

In accordance with my former investigations (see vol. i, p. 44), 
I also found less hydrochloric acid than Schmidt, namely, only 
0'118g, while Schmidt, never found less than 0°1718 even in 
gastric juice which was mixed with saliva; in addition to the 
hydrochloric acid there was, however, also 0'3918 of free lnctic 
acid present (11:682 grammes of gastric juice saturating 0'072 of 
a gramme of baryta). 

There can be no doubt, when we consider Schmidt’s well-known 
accuracy as a chemist, that in the cases which he analysed the 
gastric juice contained no lactic acid, and that it was replaced by 
free hydrochloric acid. Amongst other points, Schmidt determined 
the amount of chlorine in the fresh gastric juice by strong acidula- 
tion with nitric acid and by precipitation with nitrate of silvers 
the precipitate was free from organic matter ; after the excess of 
silver had been removed by hydrochloric acid from the solution 
(which had been freed from the chloride of silver by filtration), it 
was evaporated to dryness, incinerated and the bases combined 
with chlorine were analysed: the amount of these bases which was 
found was not sufficient to saturate all the hydrochloric acid calcu- 
lated from the chloride of silver that was found. If now the free 
‘acid of a quantity of the same gastric juice were saturated with a 
solution of caustic potash or with lime- or baryta-water, it follows 
that exactly so much potash, lime, or baryta was required for satu- 
ration, as had been previously calculated for the excess of hydro- 
chloric acid above the bases in the chloride of silvers this could 
not have been the case if alkaline lactates had been associated with 
the alkaline chlorides in the gastric juice. 


(9) Addition to p. 98, 6 lines from bottom.—I have likewise 
detected lactio acid with certainty in the juice of the smooth 
muscles ;* and Scherer has recently detected its presence in the 
juice of the spleent and in leuceemic blood.t In our investigations 


‘+ Walther, Disa inaug. med, Lips. 1881. 
+ Verhand. d. phys-med. Ges, zu Wirzburg. Da. 2, 8. 299. 
+ Mbid, Vol. 2, p. 324. 
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gramme of urea, while for 1 kilogramme’s weight of the 
only 0-420 of a gramme (or little more than half the quantity) of 
‘urea was excreted. 

[Subsequently to the publication of the first volume, Verdeil and 
‘Dollfus* have found urea in large quantities in the blood of oxen. 
Moleschottt believes that he has found oxalate of urea, together 
‘ic cai ont i mene hs ar wines 
been some days previously extirpated. Grohét has, however, 
subsequently examined the constituents of the muscular juice of 
So ha idle besiege ee 

lL ‘That neither urea nor oxalle acid exiata fn, thia Guid and 

2. That the crystals supposed by Moleschott to consist of 
oxalate of urea, in reality are composed of creatine, creatinine, 
and nitrate of potash—o. ®, D.] 


(15) Addition to p. 171, line 5.—Chevallier and Lassaigne§ have 
extracted a substance to which they have given the name aantha- 
cystine, from the miliary tubercles ete body that had been 
buried for two months. It was insoluble in water and alcohol, 
but dissolved in ammonia and in the mineral acids; the ammo- 
nincal solution deposited minute white granules on evaporation 5 
hexagonal tablets separated from the acid solutions on evapora- 
tions the substance did not fuse on heating, but puffed up, beeame 
yellow and black, and developed an odour of burned horn, and 
gave off alkaline vapours. ‘The investigation of this substance was 
not carried any further. 


(16) Addition to p. 171, line 17.—The following is the best 


method of preparing hypoxanthine. The fluid obtained by boiling 
the spleen with water is precipitated by baryta-water the filtered 
baryta-salts 


hypoxanthine may be obtained in a separate state by dissolving 
* Ann. d. Ch. w. Pharm. Ba. 74, 8.214, 


{§ Journ. de Chim, méd, 9 Bér.'T.7, p. 200, 





Scherer’s analysis contains no. 


Hess, 1498; e0d O9s09—a. Bg <% 
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‘mentioned (vol. i, p84) that both Wobler and Ure discovered 
that benzoic acid was converted in the animal organism into 
hippuric acid, and eliminated as such with the urine. The subse- 


case, as is shown by the independent investigations of Hoffmann t 
and of Ranke. Moreover, the acids which are homologous to it in 


unchanged state into the urine, as was shown by Ranke’s experi- 
ments. 


(19) Addition to p. 218, line 4.—Scherer§ has found uric acid 
in considerable quantity, as a normal constituent, in the juice of 
the spleen. [Mr. Henry Gray (see his Prize Essay “On the 
Bruchere snd Use GE Sl plo atoms LAE Oca 
ansious to confirm the observations of Scherer regarding th 
presence of uric acid and hypoxanthine in the spleen-pulp, worked 

in one experiment on the spleens of twenty-five oxen, but wholly 
failed in detecting either of these substances; nor was he more 
successful with human spleens.—o. ®. D.] 


(20) Addition to p. 285, line 10.—Pneumic (or pulmonic) acid 
probably belongs to this group of conjugated nitrogenous acids. 
‘This acid, of which as yet we know very little, was discovered by 
‘Verdeill| in the tissue of the lungs. The minced pulmonary tissue 


‘other matters hy sulphate of copper, and the excess of the copper 
by sulphide of barium, we evaporate the fluid till crystals of 
sulphate of soda are formed; we then add a little sulphuric acid, 
* Journ. £ pr. Ch. Bd, 35, 8, 307 300, 
+ Ann. d- Ch, u, Pharm. Bd. 74, 8.42. 


1 Compt, rend. 83, p, 604, and Traité de Chimie wnatomique et physio- 
Aogique, T. 2, p. 460. 








in fast 

almost the same ratio as the loss of fat in. 
(28) Addition to p. 280, line 17. 

Inosterin to & won-saponifiable 


(24) Addition to p. 286, last tine.— 
Maumene§ not only gives precisely the 

* Ber. d, kén, sitchs. Ges. d. Wiss xu Leipz, 1851, 
+ Verdauungsiifte u. Stoffwechscl. Mitan, 1852, 8. 


{Muller's Arch, 1801, 8, 308. 
§ Compt rod. 20, pp. 914 et 447. 








4 Journ. f, pr, Ch. Ba, 64, 8, 357-308, 
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(29) Addition to 291, line 15.—In examining the body of a per- 
son who died from diabetes, Bernard only failed in detecting sugar 
in the following organs, vis., the brain and spinal cord, the pancreas 
and the spleen. 


(80) Addition to p. 298, line 19.—Guillot and Leblanc 
believe that they have discovered milk-sugar in the blood of milch- 
cows, 

(31) Addition to p. 299, top of page. [We must here notice 
inosite and paramylon, and give» few additional details regarding 
cellulose.—a, 8. D.) 

Iwosrre. C)y Hy, Oh. 

Properties This variety of sugar crystallises 
of water in colourless clino-rectangular prisms 
efloresce on exposure to the ai, and lose all theit water of erystal= 
Tisation at 100° or in vacuo: it has a sweet taste, dissolves readily 
in water, slightly in strong spirit, and is insoluble in aleobol and 
ether; it erystallises from a boiling spirituous solution on cooling 
in glistening tablets somewhat like cholesterin ; at a temperature 
exceeding 210? it fuses into a clear fluid, and at a still higher tem- 
perature it undergoes decomposition in the same manner as sugar. 

Tt undergoes no change when eyaporated with hydrochloric rans 
‘or when boiled with caustic potash. It forms ablue solution with 
sulphate of copper and potash ; but there is no separation of sub- 
oxide of copper either on prolonged standing or on boiling ;it does 
not undergo the vinous fermentation with yeast, but in the 
presence of eascin or flesh it enters into iactic and butyric 


fermentation. 

Comporition.—Scherer,t the discoverer of this substance, has 
found that in the anhydrous state it is perfectly isomeric with 
anhydrous grape-sugar. 

Preparation —If we treat the muscular juice of the heart of the 
ox in the same manner asin the preparation of creatine from mus- 
cles, and if we then separate, by means of sulphuricacid, the baryta 
from the mother-liquid decanted from the creatine, and remove the 








gradual addition of strong alcohol. ‘The erystals of inosite may he 
reailly picked out and separated from those of sulphate of potash 
after the mother-tiquid has ben removed by pressure, or the 
* Compt. rend. T. 31, p. 65. 
+ Ann, d, Ch, a. Pharm, Ba, 73, 8, 322, 





into «gummy substance which is soluble in 
alcohol: at a higher temperature it 


Preparation—Paramylon was obtained by G 


{Melee Pam meen 


4 Thid, Vol. 79, pp. 51-01, 








(82) Addition to p. 314, line 10 
must not be confounded with the bilif 








|e 4 Ateh,f path, Anat, Ba. 1,8. 905-445, 
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is, however, not again precipitated by the neutralisation of the alkali, 
IE we allow concentrated mineral acids (sulphuric acid for instance) 
to act on hematoidin, the clear outlines of the crystals disappear, 
and the colour of the roundish fragments passes first into a brownish 
red, then into a green, a blue,and « purple tint, and finally merges 
into a muddy yellow. Iron may. occasionally, bet no oes 
invariably, be found in the acid Suid thet is formed daring the 
decomposition of haematoidin. 

Virchow* subsequently discovered Wi ‘reddish-yellow, 
elongated crystals, which were either acieular or arranged in 2ig- 


‘cancer of the liver or retention of the bile consequent on catarehy 
of the gall-bladder; these erystals ranged from 0-005 to 0-010" in 
length, while the breadth scarcely admitted of measurement 
(E.P.6,F, 2and 4). ‘They dissolve readily in caustic potash, 
tat ro not agin prenipiaed by the ston’ of sida -Aedtn 
acid has no effect 

makes them assom 





of hwmatcidin both in form and colour. While Virchow has 
repeatedly pointed out the great similarity which exists between 
this bilifulvin and hematoidin, Dr, Zenkert (of Dresden) 





secaice fe prstel faloair fs ott gH fiaan TG 

within the body. Funke} hes arrived at the same result simul- 

tancously with, but independently of, Zenker. He allowed some 

bile containing bilifulvin to dry; on again moistening it, he found 
is replaced by 


that the zig-zag crystals were light red crystals of 
‘idin. By a series of careful investigations Zenker has 
* Op. cit, pp. 497-431. 


+ Inn private communication, ‘The details are to be published in Henle's 
‘Zeitech. frat, Med, 
$ Ina private communication, 











§ Ana, d. Ch, Phar. 


‘rend 20, p 9, 






BA. 73,8. 06, 
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‘Mulder. The discovery of tyrosine hy Liebig, and the decompo- 
sition of the protein-bodies by oxidising agents, us illustrated 
the investigations of Guckelberger and Seblieper, may be 


several 

products of metamorphosis, although he was unsuccessful in the 
Pepeerndmeck carp ee 
first to submit the different protein-bodies to: 


action of the less powerful reagents. Although as yet we have 
attained to no certain conclusion, or indeed to any conclusion 
whatever, we believe that this is the only course which can lead 
us to clearer views. If the discovery of the crystallisability of one 
of these substances has afforded us the means of obtaining it in a 
purer state than formerly, the analyses which I have hitherto 
instituted of the substance of the different crystalline forms have 
ised no eft stint Baton er te poly stat 
those products of the metamorphosis of the 

may be considered as proximate odie ot a Gace 
‘The Srv ofthese whignrequcor nation i 


(38) Addition to p.336, line 96.—Paralbumen is an albuminous 
substance discovered by Scherer,* who met with it on several 
‘occasions in the contents of ovarian cysts, It is precipitated from 
the watery solution by aleohol in granular flakes ; these, however, 
again dissolve in water at 35° in the course of a few hours, and 
give the same reactions as the body in its previous state of 


solation. The aqueous solution is rendered only slightly turbid. 


boiling, but thick flakes are deposited if acetic acid be then 

added, although this acid is altogether devoid of action in the cold 

solution, Nitric acid induces a considerable precipitate in the 

7 solution, while hydrochloric acid, on the other hand, only 

rise to a slight turbidity even when added in Inrge quantity, 

Ferrocyanide of polasiam, chromo wld, bichloride. of mere, 
+ Verhandl, phyemed Go ea Worabarg. 1a 8 214 





q 











fibrin from a fresh drop of 
fence apres sa = 


found a little fibrin in a few cases. 
(42) Addition to p. 359, line 20 





* Ter. der Ges, d, Wiss, xu Leipaig. 1600, 8, 
+ Dimer, nang. de sanguine ven Tienals. Lips, 
$ Ann. d, Chew. Pharm, Bd, 73,8. 125-129, 


- 
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tinctly successful. Recently, however, very careful investigations 
have been made by several different persons, as for instance, by 
Guillot and Leblanc, Panum,t and Moleschott,t which demon- 
strate the existence of a substance in the serum which appears to 
be different from the ordinary albumen, and which they hold to 
be identical with casein. Whether this substance is to be regarded 
as perfectly identical with ordinary albumen (as Scherer and I 
hold), the difference in its properties depending only on certain 
admixtures or incidental relations, is a point that possibly may 
never he decided ; this much, however, is certain, that although the 
Presence of casein in the blood is & priori in the highest degree 
probable (in consequence of its occurrence in other fluids), yet the 
identity of this constituent of the blood with the casein of the milk 
is by no means definitely established. Such questions as these can, 
however, never be thoroughly decided until we are better acquainted 
generally with the chemical constitution of the protein-bodies. 

Guillot and Leblane have obtained their casein by the addition 
of afew drops of acetic acid to blood-serum after the removal of 
its albumen by heat; and they maintain that they found in the 
precipitate all the characters of casein ; they do not, however, state 
‘what these properties are. Anything like a doubt as to whether the 
substance precipitated by acetic acid was cascin or albumen, or 
some other special substance, seems never to have occurred to these 
investigators. 

The quantity of this substance precipitable by acetic acid was, 
according to their observations, different in different animals, and 
varies with the sex, food, bodily conditions, &e. It was especially 
abundant in the blood shortly before delivery, and during the pro- 
cess of lactation, the actual maximum occurring soon after delivery. 
In many pathological conditions this substance entirely disappeared 
from the blood. , 

The substance precipitable by acetic acid occurs, according to 
Stas,$ in very large quantity in the serum from the blood of the 
umbilical cord and the placenta. 

Panum considers that the precipitate mentioned in p. 333, 
which is obtained hy the dilution of the blood, especially after the 
addition of a little acetic acid, and which Scherer regards as albu- 
men poor in salts and free from an alkali, is casein; and he 





* Compt red, 7. 31, p. 888. 
+ Arch. pathol Anat, Bd. 3,8, 261-972 
T Arch f physiol. Mei, Ba. 11, 8, 18-11 
§ Compe, rend, T. 31, p69. 





4 Jaliresber. d. ges. Med. 1051, 8.76, 
t Ann. d.Ch. w, Pharm, Bd. 71,8. 217. 
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‘Dissert. inang. Lips, 161 ; and, Zeiteche, 
‘14-102, Ba. 2, 8. 200-292, 

4 Zeitechr. frat, Mod. N. F. Ba, 8. 271-267. 
$ Bor de sichs, Ges. d, Wins. 188, 8. 28-26, we 
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use of oxygen, and by the mere application of carbonic acid, in 
obtaining these crystals in sun-light; but then only in far 
smaller quantities than in those eases in which the blood had been 
previously impregnated with oxygen. _I discovered, from a series 
of comprehensive quantitative determinations, the particulars of 
which I have elsewhere given, that the crystals are formed with far 
the greatest rapidity when the oxygen is suffered to pass through 
the blood in a slow stream for about 15 minutes before the appli- 
cation of the carbonic acid; for if carbonic acid be first, and 
oxygen be subsequently passed through the blood, the latter 
appears to hinder the process of crystallisation ; but when the 
fluid is introduced into carbonic acid after it has been im- 
pregnated with oxygen, the crystallisation begins almost in- 
stantaneously. This crystallising process appears, moreover, to 
occur with a rapidity proportional to the length of time that the 
fluid has been in contact with the oxygen before the application 
of the carbonic acid. 

Different microscopical observations have appeared to show 
that the presence of fibrin is inimical to the formation of crystals, 
and that serum is indispensable to their production, but, as we 
have already observed, the presence of fibrin exerts no action, 
either favourable or the reverse, on the crystallisation. The serum is 
‘equally devoid of all influence on this process, for crystals, and 
some very pure ones, may even he obtained from the later 
rinsings of chopped blood. clots, after they have heen stirred and 
washed thrée or four times with water, although they certainly 
‘cannot retain any great amount of serum. No crystals, bearing 
even a remote affinity to the above-described blood-crystals, ean 
be obtained from the serum either by these means, or by micro- 
scopical treatment under glass plates; hence we are scarcely going 
too far when we assert that observers who, like Robin, assert that 
they have procured the true blood-crystals from the serum, are 
entirely mistaken, and that they would be perfectly correct in 
regarding such crystals, which were noticed by every careful 
observer long before the discovery of the true blood-crystals, as 
mineral salts. 

Although I very reluctantly enter upon the discussion of a 
subject which is still being made the object of inquiry, and cannot 
therefore be determined pending such an examination, I have 
thought that I could scarcely any longer avoid giving some notice 
of it. ‘The observations to which I have already referred, together 

* Ber. d. nigh. sche, Ges. d. Wiss. xu Leipz. 1053. 


























under the air-pump ; and finally, from that decided. 

carbonic acid which we perceive in the moist crystals in vacuo, 

sud: theobrogaly mata shaadi Son oR A ELTA: 

when acetic acid has been previously added to the solution, ‘The 
ee 


Cipitate, on being shaken in pure water and in the open air, again 
dissolves into a clear fluid, from which the globulin may be again 
precipitated by carbonic acid. ‘The erystalline substance which 
has been treated with salt and acetic acid (corresponding. to 
Panu’ ai albumeo) appears simply to nadengo © metamero 

different 


(45) Addition to p. 396, line 10 from bottom.—Scherer* has, 
however, recently found a substance in leuemmic blood which 
appears, from all its reactions, to be nothing else than glutin, and 
which consequently stands, in a chemical henical point of view, betmeen 
the protein-bodies and, 

It is, moreover, worthy of notice, tat toe ‘embryo, up to the 
final period of its leaving the egg, eontains no gelatigenous tissue 
(Hoppet). Animal cell-walls and nuclei appear never to consist 
of gelatigenous tissue (Hoppe). 

* Verhandl. d. phys-med. Gee, au Wiireburg.” Bd. 2, 8, 321.995, 

+ Arch. £ pathol. Anat, Bd. 6,8. 174. 
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the open air, as has been observed in numerous instances (we need 
here only refer to the experiments of Scherer and Panum); but 
all persons who are conversant with such investigations must be 
aware of the extreme difficulty of tracing these metamorphoses, 
owing to the high atomic weight of these bodies. In the mean- 
while, I am disposed to regard this crystalline substance as a com- 
bination with carbonic acid; and this view seems to derive 
confirmation, not only from its formation in a current of carbonic 
acid, and its spontaneous production in diseased liver and from 
putrefaction, but also from the incapacity of the solution to re- 
crystallise after the dried or dissolved crystals have been placed 
under the air-pump ; and finally, from that decided development of 
carbonie acid which we perceive in the moist crystals in vacuo, 
and the obviously more abundant development of g: 
when acetic acid has been previously added to the solution. ‘The 
globulin of the erystalline lens behaves in precisely the same 
manner, excepting that it is not crystallisable, and does not 
require the previous application of oxygen for its separation by 
carbonic acid. When a stream of carbonic acid is passed through 
the solution of globulin, the latter is precipitated, but this pre- 
cipitate, on being shaken in pure water and in the open air, again 
dissolves into a clear fuid, from which the globulin may be again 
precipitated by carbonic acid. The crystalline substance which 
has been treated with salt and acetic acid (corresponding to 
Panum’s acid albumen) appears simply to undergo a metameric 
metamorphosis: it does not separate into several different 
substances on being coagulated by boiling (as Panum maintained 
was the case with albumen in the formation of acid albumen), 
but is rendered far more susceptible towards atmospheric influences 
than the original crystalline substance. 











(45) Addition to p. 396, line 10 from bottom.—Scherer* has, 
however, recently found a substance in leucw@mic blood which 
appears, from all its reactions, to be nothing else than glutin, and 
which consequently stands, in a chemical point of view, between 
the protein-bodies and gelatigenous matters. 

It is, moreover, worthy of notice, that the embryo, up to the 
final period of its leaving the egg, contains no gelatigenous tissue 
(Hoppet). Animal cell-walls and nuclei appear never to consist 
of gelatigenous tissue (Hoppe). 


‘+ Verhandl, d. phys-med. Gee, zu Wiraburg.” Bd. 2, 8, 921.525, 
+ Arch, f pathol. Anat, Bd. 6,8. 174, 


* Journ. pr. Ch, Bd, 56, 8.129, 
4 Ann, de Chin, ot de Phys. 3 Sér.T, 29, p. 
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of soda, at a temperature of from 40° to 50°, while the urea is 
not decomposed by such treatment. Proceeding in this way, 
Boussingault found 0°0342 of ammonia in the urine of a child 
aged eight months, and 0°114g in that of a youth. It is, how- 
ever, very questionable whether the nitrogenous matters of the 
urine, as, for instance, its coloured extractive matters, which are 
decomposed far more readily than urea, may not, under these 
conditions, develope ammonia. At all events it would be remark- 
able if, after the use of the salts of ammonia, we were to find (as 
Bence Jones has done) not these salts, but their highest product 
of oxidation in the urine, while, when these salts have not been 
taken into the organism from without, the ammonia formed in the 
body should not be decomposed, but should pass off as such in 
the urine. Moreover, it is not impossible that the ammonia found 
by Boussingault may have been formed within the body. 
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VoL. 111, 2K 





* Compt. rend. T. 34, pp. 327-230, 
7 Zeitschr. frat, Med. N.P. Bd. 1,8, 490-403, 
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although the quantity of salts in the saliva was somewhat aug- 


(2) Addition to p. 31, line 11 from the bottom.—The more 
recent carefully conducted experiments of Bidder and Schmidt* 
have, however, shown that the parotid secretion does not contribute 
to the action of the mixed saliva. Parotid saliva and buccal mucus 
do not metamorphose |e lee is Above RIF pe= 
duced by the secretion of the submaxillary glands and the 

‘These 


Fait ny ‘experiments of Jacubowitsch were insti- 


later ex; 

saliva loses its action on starch in the stomach of the living animal. 
‘They introduced boiled starch under the most varied conditions, 
into the stomachs of dogs through gastric fistulw, and found that 
after two hours’ retention in the stomach, at most only mere traces 
of sugar could be detected, while externally to the organism this 
‘metamorphosis always occurred, even when an excess of gastric 
juice was added. This perfect suspension of the action of the saliva 
‘on starch within the stomach cannot be sufficiently explained either 
by the comparatively shart retention of the starch in the stomach, 
or by the assumption that the salivary diastase is digested by the 
gastric juice, For on the one hand the amylacea generally remain 
1 sufficiently long time in the stomach to u1 sasennrpatts 
and, on the other hand, the gastric juice would also digest the sali- 
vary diastase externally to the organism, which is not the case, 
‘These results of Bidder and Schmidt may be toa certain degree 
explained by the assumption, that in these experiments (in which 
starch was introduced through a fistula, or in the form of very moist 
starch-paste, through the mouth) only little saliva flowed into 
the stomach, where it became too much diluted by the gastric 
juice. 

We are, consequently, led by the earlier observations of Ber= 
ard, as well as, by the more recent investigations of Bidder and 
borpepedietbot phe: yesesielmedselys on | 
action on stare, and poorieotsaing tn dae resi 

"* Die Verdannngssifie und der Stoffwoesel. 8, 
yee 


pure gastric juice, while the 
gastric juice | 


006248 in 
CaS the mixed fluid, ‘The 


‘mereury-compound Schmidt fou 
6°74 of hydrogen, and 17-82 of nitrogen. 
‘The mean amount of the organic i 
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mixed gastric juice, was a little above 1°76, while the mineral con- 
stituents averaged 1-03. 


gastric juice of dogs, after they had been fed for # long time solely 
with vegetables, or solely with flesh. Tt eannot, however, be amere 
accidental coincidence, that the highest numbers for the phos- 
phate of iron were found in four eases after the use of vegetable 
food. 


(7) Addition to p. 53, line 15.—In order to determine the 
daily quantity of gastric juice which is secreted, Bidder and Schmidt 
employe! doge wth guts fis, gd Dh ote al TE 
left side when the secretion commenced, by which means the pas- 
sage of any part of the gastric juice through the pylorus into the 
duodenum was prevented : the secretion vas, moreover, collected 
tn varie Gp (Wilk Stari Catan es ARE 
different periods after the last meal. ‘They collected 823 grammes 
of gastric juice from a dog weighing 16 kilogrammes, which on the 











were 103, and in the second, 115 grammes of gastric juice secreted 
for each kilogramme’s weight of the animal. We may, therefore, 
tovume thatthe dg yclsy at the least, 10¥ oft weight of gaat 


animal food, require a far larger quantity of gustrie juice for their 
metamorphosis, in consequence of the much longer time of their 
retention in the stomach. 


(8) Addition to p. 59, last line.—It further follows from the 
‘in its 
digestive power,—a fact Sinicehy epee ea a 
saliva. 


free acid of the gastric juice being saturated by the 
‘They likewise found that the of bile to the gastric juice 


i 
i 
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i 
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weight of its body 50 grammes of flesh containing 10 grammes of 
Ary albuminates; hence the gastrio juice secreted by the dog would 
only suffice feslipe dreypcpeb ny atten tatters! 


‘other observations presently to be described. 


(9) Note to bottom of p. 60.—[Gruenewaldt* and Schroedert 
hhave recently published excellent Theses on the human gastric 
juice, the former taking up its physical and chemical characters, 
and the latter investigating its siesitte ‘powers. ‘Their observa- 
tions were conducted at Dorpat, under the sinters of 
Bidder and Schmidt, on an Esthonian peasant, Catharine Kiitt, 
in whom there was a gastric fistula (the origin of which they could 
not ascertain) in the left side, at the lower border of the mammary 
gland, between the cartilages of the ninth and tenth ribs. 

‘The following are the most important results of Gruenewsldt’s 
observations :— 

For every kilogramme of bodily weight there are 264 grammes 
of gastric juice secreted in the 24 hours, the mean daily quantity 
secreted by this woman being 14-016 kilogrammes, or about 
1 Ibs., a quantity somewhat larger than that deduced by Schmidt 
from his experiments on dogs, 

‘The sarcina was frequently observed in this fluid obtained 
from the fistula, both when the stomach was empty and when full, 
the woman being apparently in perfect health. Hence Gruene- 
waldt agrees with Virchow,t that this organism must not be 








odour of butyric and metacetonic acid. ‘The spec. grav. of the 
first specimen was 1-020. 


* Socei gastric tismaniTndoles physica et chemiea, ete. Dorp Liv. 1869. 
+ Succi gastrici humani Vis digestiva, ete. Dorp. Liv. 183. 
‘+ Arch. f. pathol, Anat, Bd. 1,8, 268, 


eee tutte 
Hit | ay 





ADDITIONS AND NOTES TO VOL. Il. 505 


varies from a yellow toa yellowish brown colour; while in herbi- 
vorous animals (rabbits, sheep, geese) it is green; the colour of 
‘the cystic bile in animals whose hepatic bile is yellow or brown, 
hhas, however, always more or less of  tendeney to green, and when 
the animals have not fed for 20 hours or more is of a deep green ; 
while, if examined 2} or 3 hours after feeding, itis of ws light a 
yellow or yellowish brown colour as the hepatic bile. Since the 
hepatic bile gradually becomes. green on exposure to the air, and 
the yellow tint may be again restored by deoxidising agents, there 
can be no doubt that this change of coloar oxid 
and that the bile retained in the gall-bladder is impregn: 
the circulating blood with so much oxygen as to induce this 
altered colour. 

‘The prolonged retention of the bile in the gall-bladder induces, 





numerous observations of Bidder and Schmidt, and has been con 
firmed by Nasse. ‘The former inquirers found that the fresh 
hepatic secretion of eats, dogs, and sheep contained on an average 
58 of solid constituents, which in the case of cats and dogs rose 
to 10 or even 203 in the cystic bile, according to the duration of 
its retention in the gall-bladder: in sheep, on the other hand, the 
amount only rose to 8%}; in rabbits, whose fresh bile contains only 
28 of solid constituents, the amount in the eystic bile may rise to 
15g. ‘The fresh bile of geese and crows contains about 74 of solid 
matters, which in the cystic bile of the former may rise to 203, 
and in that of the latter even to 258. ‘The bile, therefore, restores 

to the blood and lymph a greater or stwaller quantity of water, 
according to the duration of its retention in the gall-bladder. 


(11) Addition to p. 78, line 18.—[The experiments of Bidder 
tnd Schmidt, which are here briefly referred to, are given in con 
siderable detail in the new edition—o. », 0:] 

Bidder and Schmidt have obtained the following results 





* Commentatio de bills quotidie a cane secrete 
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to amylaceous food; but the ease was very different when the 
quantities of fat were 


5 
i 
i 
E 
i 


by Boussingault 
fact has been confirmed by Bidder and Schmidt, that the animal 
‘organism is only able to absorb a definite, and indeed a somewhat 


absorb as much as 0'9 of a gramme, Similar experiments with a 
dog (which weighed 5 kilogrammes) showed that this animal had 
resorbed 446'9 grammes of fat in a week; consequently, every 

LHlogranme's sgt fy li ica oS Sa pene 
Teast 0-465 of a gramme of fat in one hour, when plentifully sup- 
plied with that substance. ‘These however, absorbed 
mach less fat when the passage of bile was entirely excluded from 
the intestine; in three series of experiments on these animals it 
vwas found that in one ease, where the access of bile was prevented, 
for every kilogramme of the animal's weight only 0-093 of a 
gramme of fat was absorbed, in another ease 0-065 of a gramme, 
and in the third ease 021 of a gramme, It is very clearly seen 
from these experiments, that a certain quantity of fat will be 
absorbed independently of the presence of the bile, although this 
is 24 times less in the most favourable cases than the amount of 
fat which is absorbed in conjunction with the secretion of bile. 
‘The opposite experiment of Blondlot,* in which he could scarcely 
detect a trace of fat in the excrements of a dog having a biliary 

food, 


choledochus may probably have been re-established in the animal. 


‘+ Essai sur les fonctions du foie ot doses annexes. Paris, 1940, p, 62 
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tical point of view, bow the oily ft can penetrate these membranes. 
Hence it has been assumed that the fat is saponified by the alkali 
of the bile; but since the greater part of the chyle-fat is unsaponi~ 
fied fat, we are compelled either to withdraw altogether from this 
hypothesis, or to assume with Moleschott,* that the fat is saponi~ 
‘Ged in the intestine (by means of the pancreatic fuid), but isagain 
liberated in the lymphatics. ‘This latter view, independently of its 
teleological improbability, ean hardly be accepted when we consider 
that after the use of fatty food, mere traces of fatty acids are found 
in the intestinal canal, that unsaponified fat is recognisable even in 
the epithelium and cells of the villi, and that, according to 
Schmidt's experiments, the exclusion of the hile renders the ebyle 
very deficient in free fat, while it does not affect its quantity of 
fatty acids. Lastly, the bile possesses so very slight a solvent 
power (none whatever, according to Bidder and Schmidt) for neutral 
fats (and even for the fatty acids it would appear from the experi 
ments of Lenz, not to be very considerable), that the bile which is 
seeroted would be perfectly insuficient to dissolve the whole of 
the fat which is resorbed. It has heen consequently supposed 
that individual parts of the inner intestinal surface may he spe~ 
cially capable of absorbing fat, and that fat alone can penetrate 
through them but in’ that ease theassistance of the bile in the 
resorption of the fat would appear to be altogether superfluous. 
But since the bile has been shown to be necessary to this object, 
nothing in fact remains but to assume that the bile induces a modi- 
fication in the relations of adhesion between the oleayinous fluid and 





tened with bile than in the other, either when it was perfectly dry 
or when moistened with a saline solution. ‘This mode of explaining 
the absorption of fat has been established beyond all doubt by the 


* Physiologie des Stoffweehsels Erlangen, 1051, 8. 200. 
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besides the exact counting of the corpuscles in 
in necessary to assume one, if not two, probable 





these calculations 
each analysis, i 
magnitudes. 

If we abstain from entering more folly into this subject, and 
for the present withhold our judgment on a question of physio- 
logical chemistry which promises to be of the highest importance 
to physiology generally, this does not arise from a want of appre- 
ciation of the great merits of Vierordt in this department of 
chemistry, but simply because we do not regard a manual of this 
kind as a suitable place for the introduction of investigations of 
this nature, and because we have'been anxious, as far as possible, 
to base our judgment solely upon our own experiments and upon 
‘post mortem examinations. In consequence of the different direc- 
tion of our own investigations regarding the blood, we are hardly 
in a position to criticise in their individual details the labours of 
Vierordt. Such a critical and experimental testing is, however, 
indispensably necessary before we can form a correct judgment 
of this method, as a number of considerations force themselves 
upon our notice, which, although they have in part been explained 
by Vierordt himself, are still sufficiently numerous to demand an 
experimental examination. , Funke,* among others, has shown. 
with much clearness the possible causes of error which appertain 
to this method. For the present, we may regard Schmidt's 
method of blood-analysis, of which we have considerable experi- 
mental knowledge, as the one which, notwithstanding some well- 
known deficiencies, affords the most certain results. 








(24) Addition to p. 227, line 19.—Vierordtt found in his 
various countings that in 1 cubic millimetre [the linear millimetre 
being about 1-25th of an inch] of normal blood obtained by 
pricking tHe finger, there are on an average 5,055,000 blood- 
corpuscles ; Welker,t on the other hand, fixes the number at 
4,600,000. 


(25) Note to p. 287, 7 lines from the bottom.—[The view 
stated in the text, that the colourless were to the red corpuscles in 
the ratio of 1:8 or 1: 10, is now exploded; Henle makes the 
ratio as 1:80; Donders and Moleschott subsequently showed 
that 1:373 was about the average ratio, Moleschott§ has re- 


© Schmidt's Jahrb, a. gos. Med. Bd. 74,8 1-7, and Ba. 78, 8. 6-9. 
+ Arch. f, physiol, Heilk. Bd, 11,8. 867-874. 

+ Fechner's Contrabl. 1883. No. 12, 8.229, 

§ Wien. med. Wochenschr. No.8. 1054, 
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‘quantity: 
of this blood, he found in 100 parts: 


* De urina diabetica, Dis. inang. Lips. 186, 
+ Keller 8, Tiedemann’s Nordam, Monatsschr, 


A 








(85) Addition to p. 270, line 11.—The 
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(40) Addition to p. 355, line 23.—The 
the so-called 




















of sulphuric acid present in the urines 

those of Bence Jones} and of Groner, cond 
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‘The action of amygdalin, when injected into the blood, is there- 
fore never injurious, since no prussic acid is formed. 

Salicin generally undergoes a change corresponding to oxidation 
in the organism ; and it is only when taken in very large quantity 
that a portion of it passes undecomposed into the urine. The 
experiments instituted by myself as well as by Ranke* on the 
metamorphosis of salicin, give the following results: after the 
introduction of salicin into the body by the mouth, we find in 
the urine not only salicylous and salicylic acids, but also saligenin, 
while no sugar and no phenylie acid can be detected (see p. 238 of 
this volume). ‘The salicin must be for the most part decomposed 
in the blood, for whenever I have injected a solution of this 
substance into the jugular vein in rabbits, substances were found 
in the alcohol-extract of the urine which yielded, with the per- 
salts of iron, the blue colour corresponding to saligenin and 
salicylous and salicylic acids. 








(61) Addition to p. 422, line 3.—I have recently observed 
in the same individual that the urine was expelled in nearly 
alternating jets from the two ureters four minutes after he had 
taken half an ounce of acetate of potash, while the urine became 
alkaline in the course of seven minutes. In the meanwhile it 
‘ought to be observed that the constitution of the individual 
probably exerts some influence on the rapidity with which such 
substances are transmitted into the urine, and that in this patient 
the rapidity may have been unusually great. I certainly have 
never found, in any of the numerous experiments conducted in my 
laboratory, that such substances as iodine, ferrocyanide of potas- 
sium, and alkaline carbonates, passed so rapidly into the urine as in 
either the older or more recent observations made on this person. 








(52) Addition to p. 426, 12 lines from the bottom.—Fat, how- 
ever, sometimes occurs in perfectly normal urine. I found that it 
was constantly present, although in small amount in the urine of 
tortoises (7. greca); Frerichst commonly found it in the urine of 
cats, and the subsequent carefully conducted investigations of 
Langt confirmed this observation. The latter observer also 
detected a small amount of fat in human urine, especially after the 






‘ Journ. fpr. Chem, Ba. 66, p. 
+ Die Bright'scho Nieronkranlchei 
8. 1s, 
+ De adipe in urion et renibus diss inaug. Dorp. Liv. 1852, pp. 6-46. 
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(63) Addition to p. 427, 1 
the of the amount of 
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food, C. Schmidt* had indeed made an experiment of this 
nature on a cal, and Bernard liad been led from his observations to 
amaintain a similar yiew, but the experiments made under my 
direction by Dr. yon Becker were the first to convince me that 
under-t teast apparently similar relations, sugar is quite as often 
absent as present in the urine of rabbits after the use of highly 
saccharine food (cis), or after the injection of solutions of 
sugar into the stomach of those animals, relations which. 
exert a general influence on the secretion of urine, appear, more 

over, to exercise a special action on the urinary secretion. ‘Thus 
Dr. von Becker observed in several experiments that rabbits, into 
‘whose stomachs a concentrated solution of sugar had been injected, 
did not exhibit sugar in the urine unless the urinary secretion was 
very abundant; these animals continued perfectly well even when 
a8 much as 60 grammes had been injected in the course of three 
hours. Other rabbits, however, which exhibited m 
or which speedily died in consequence of excessive filling 
stomach and intestines (as far as the transverse colon) with saturated 
saccharine solutions, voided very little urine containing no sugar 
whatever, It would appear, therefore, that sugar does not readily 
pass into the urine when the quantity of the secretion is di 
nished. It is worthy of remark that only from 0336 to 0°3489 of 
‘sugar was found in the blood of those rabbits which retained their 
healthy appearance and liveliness, whilst as much as from 1°03 to 
1-20 of sugar was found accumulated in the blood of those 
animals which apparently suffered after the injection of sugar, and 
‘which secreted only stall quantities of urine that was either very 
poor in sugar, or entirely free from that substance. It would 
appear, therefore, that when the quantity of sugar in the otherwise 
normal blood exceeds 14, the other limit is reached at which no 
sugar passes into the urine, and at the same time the urinary 
secretion is then reduced to the minimum, 


(54) Note to p. 428, line 13—[For much additional informa- 
tion on the abaormal pigments of the urine, we may refer to the 
‘Memoirs of Dr. A. I. Hassall, read before the Royal Society, on 
Tune 16, 1853, and June 15, 1854, “ On the frequent occurrence 
of indigo in human urine, and on its chemical, physiological, 
and pathological relations ;? of Dr, Harley, “On the colouring 


# Charakter, d, Chole, 8, 167. 
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all the phosphoric acid has been precipitated, and de viddond 


determined in ‘volume of the urine, is 
‘ascertained from the volume of the test-fuid which has been 
expended in the experiment, 


We may proceed tna pesftly sie manner in the deter 


Lo a aisle phar aA 
covered,t namely, that if bichloride of mercury in solution, and 
bicarbonate of potash in excess, be added to a solution of urea, we 


obtain a compound of wren and metry, + 4 gO, which i 


Soa teal from a burette ata) 


oxide of mercury, U +4 HgO. When a few drops of the 
turbid uid are poured into a watch-glass, and one drop of a 
* Ann. d. Ch. u, Pharm, Bd, 85, 8, 269-328, 
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for instance in those diseases in which the sis of matter, 
is cither partially or generally altered, Tt i, therefore, in the latter 
that more frequent 


tions, and their direct and indirect effects. ‘Thus, for instance, 
it has been generally found that in Bright's disease, the normal 
constituents decrease to an extraordinary degree, which may be 
readily explained by the loss of unchanged nutrient matters 
(albumen in this disease.) As soon, however, as m more active 
metamorphosis of matter is induced by the occurrence of febrile 
excitement or an inflammatory process, the constituents of the 
‘urine are again excreted in the normal, or in an inerensed quantity 
while there is at the same time a diminution of the albumen 
(Scherer.*) As we observe in Bright’s disease, so also we learn from 
direct experiments, that after the artificial augmentation of the salle 
of the blood, the normal constituents of the urine are considerably 
diminished. 

‘We may here add a few remarks on the recent investigations 
which have been made regarding the quantity of urea that is 
secreted under different conditions. According to Scherer's obser 
vations, a child exeretes 0'810 of a gramme in 24 hours for every 
Kilogramme of its weight, and an adult only 0420 of a grammes 
while, uccording to Schmidt, a cat when eating daily 108755 
grammes of fat meat, excretes 7-663 grammes of urea for every 
Kilogramine of its weight; when taking 44-118 grammes of meat 
2-958 grammes of urea; when taking 75938 grammes of meat 
5°152 grammes of urea; and when taking 46°154 grammes of meat 
3-050 grammes of urea. Hence a cat living on a flesh-diet forms 
and separates by the kidneys on an average 6°8 parts of urea for 
every 100 parts of flesh which it consumes, If all the nitrogen of 
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100 parts of flesh contain, according to Schmidt’s analyses, 22°83 
parts of muscular substance and tendon; and 100 grammes of 
albuminates + collagen = 16'11 of nitrogen (with 58-01 of carbon, 
7-02 of hydregen, 22°86 of oxygen, and 1-00 of sulphur); hence 
these 100 parts of nitrogenous matters must yield 94°52 parts of 
urea (which contain 16°11 of nitrogen). Hence 100 parts of flesh 
(corresponding to 22°83 of albuminates + collagen) yield according 
to this calculation 7°88 parts of urea. A cat during 18 days? inani- 
tion excreted on an average 2°11 grammes of urea in 24 hours 
for every kilogramme’s weight. 

‘With regard to the extractive matters Scherer found that a child 
aged three years and a half, excreted in 24 hours (when living on a 
‘mixed diet) 2°17 grammes of extractive matters; a boy, aged seven 
years, 3°88 grammes; a man, aged twenty-two, 24335 grammes; 
a man, aged thirty-eight years, 20-484 grammes; and an 
insane patient, aged fifty years, who was starving himself, 10°59 
grammes. 

‘The fized salts discharged with the urine in 24 hours, were 
determined by Scherer as follows: in the child, at 10°98 grammes ; 
in the boy, at 10:23 grammes; in the young man, at 23:627 
grammes; in the middle aged man, at 29919; and in the 
‘man who was starving himself, at only 3°62 grammes. 

In addition to what has been already remarked [partly in the 
text, and partly in the additions] regarding the individual amounts 
of the various organic matters, we have only to add, that accord 
ing to the recent investigations of Heger, Gruner, and Winter, an 
adult man excretes in 24 hours for every kilogramme of his weight 
0-064 of a gramme of phosphoric acid, (the extremes being 0-096 and 
0-043 of a gramme); and 0°032 of a gramme of sulphuric acid. 
According to Schmidt’s investigations, a cat when living on 108-7 
grammes of flesh excretes 0267 of a gramme of sulphuric acid for 
every kilogramme of its weight; when living on 44°12 grammes 
of flesh, 0°106 of a gramme; when living on 46:15 grammes of 
flesh 0-084 of a gramme; and when living on 76 grammes of flesh 
0°078 of a gramme, 
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7. In man, other mammals, and birds, the medulla oblongata 
contains the largest amount of fat. aes 
8, The quantity of fat in the hemispheres is both relati 
and absolutely grcater in man than in the other mammals, and in 

‘the latter tian in birds. 

9. The whole quantity of brain-fat in old men is a little less 
than that in adults inthe prime of life 

10. The water and solid constituents (the fat not being included) 
fall and rise in their amount in all classes of animals with the aug- 
mentation or diminution of the fat, the albuminous matters being 
able to the greatest variations, 

11. It is not definitely established that the brain in mammals 
contains larger mean quantity of water than the human brain; 
it would appear as if in this class of animals the smaller quantity of 
{stn oneapenated Shr bythe Menai vltanep beg Dap By 


7 1a Ja inl b B Seeger d emoant aoe ae 
is unquestionably larger than man or other mammals, 

‘Von Bibra believes that the analyses, from which the preceding 
conclusions are drawn, establish beyond all question the importance 
of the fat in relation to the functions of the brain. 

IL, ‘The brain-fats seem to have been submitted by him to a yery 
careful investigation, ‘The following are his chief conclusions. ‘The 
breton cone of eoceie sot Geter nA Ree 
of fatty acids which possess very different properties and very diverse 
fusing points, ‘These fatty acids are not the sume in different 
Drains even of one and the same species; and it would seem pro~ 
bbable that in the living organism they are perpetual 
decomposition, passing into one another, and taking a share in the 
cerebral functions. ‘They contain no nitrogen or sulphur, and those 
which solidify below—12'5°C,, contain no phosphorus, 

His cerebrie acid agrees very well with the acid deseribed by 
Fremy: yon Bibra however finds as a mean of five analyses 
O52g st rhea (the extremes being 0-49 and 0'55%), whereas 
‘Fremy fixed this constituent at 0°93, He found that in adult men 
the brain-fat contains 20 or 215 of cerebric acid, and from 50 to 
338 of cholesterin, while the remainder is made up of the above- 
noticed fatty acids and their salts, 

‘The cerebric acid is rather more abundant in the brain of man 
thao i nt of te other large mammals, 
| ee 
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‘V. We quote the following determinations of the amount of 
phosphorus in human brain-fat. 


‘Man aged 59 years,” Bright's discase, 
100 parts of fat from 
‘The medulla oblongata contained ... s+ 1°65 of phosphorus, 
‘The cerebellum and Pons Veroli contained... 1°83 
‘The erura cerebri 7 
‘The hemispheres 





‘Tho mean forall the parts being 7 


Ina girl aged 19 years, the mean quantity was 2-53; in a man 
aged 65 years, who died from marasmus senilis, 1°72; in a 
man aged 80 years, who died from old age, 1:93; and ina man 
aged 25 years, 1°89. 

In three cases of insanity, the patients being men of the 
respective ages of 36, 38, and 52 years, the percentage of phos- 
phorus in the brain-fat was 1°75, 1°93, and 1°87. 

‘Von Bibra draws the following conclusions from his numerous 
analyses :— 

1, The amount of phdsphorus in the brain-fat is very nearly 
the same in man, in other mammals, and in birds. With the 
exception of a single case, that of the chamois, in which it 
amounted to 3°40, it never exceeded 3-08, and it never sunk below 
1-08, except in Falco nisus, in which it was as low as 0°72. 

2, The phosphorus in the brain-fat of insane persons does not 
exceed the mean amount; nor does extreme old age modify the 
quantity. 

3. The brain in very young persons, and in the embryo, 
presents no peculiarity in this respect. 

4. The fat of the grey matter contains rather more phosphorus 
than that of the white substance of the brain. 

‘Von Bibra believes that the phosphorus of the brain belongs 
to one of the brain-fats, and in part unquestionably to the 
cerebric acid, and that consequently its amount varies in different 
brains with the amount of fat: there is, however, no reason to 
believe that there is any special connexion between the intelli- 
gence and the amount of phosphorus, 

















‘VI. The grey and white matter of the human brain were 
separately analysed by von Bibra. We quote his analysis in the 
cease of a man aged 30 years, who died from pulmonary phthisis, 
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‘The last section of von Bibra’s Memoir pertains rather to 
Anatomy than to Chemistry, and therefore requires no notice in 
the present place —o. , p.] 


(2) Note to p. $84, line 21—[Dr. Reuling* has recently pub- 
lished a prize essay on the amount of ammonia in the expired ait 
doth in health and in disease, with especial reference to uremia, 
‘The following are his most important conclusions :— 

1. The exhaled air of every one contains ammonia. 

2, In health its quantity depends on the amount of ammonia 
in the inspired air. 

* 3, In healthy men there is neither an absorption nor an 
elimination of ammonia by the pulmonary mucous membrane. 

4. Fresh normal buman blood contains no ammonia; but 
almost immediately after it has ceased to circulate in the vessels 
(whether obtained by venesection or from the dead body), cam 
donate of ammonia and other ammoniacal compounds begin to be 
formed in it, 

5. Logwood paper is the most sensitive of all the tests for 
ammonia, and detects it when diluted 64 million times. 

6. The amount of ammonia in the expired air is sometimes 
increased in the following diseases :—In caries of the teeth, in 
angina tonsillaris, in typhus (in consequence of the formation of 
ammonia in the blood), in pysemia (when ammonia is formed in 
the blood through the influence of pus), and in uremia (either 
when ammonia is developed in the blood from the retained urea, 
‘or when the ammonia formed in the bladder from urea is taken up 
into the blood). 

7. Inalll probability the amount of ammonia in the expired air 
is sometimes also increased in cholera and scarlatina. 

8. The augmentation of the quantity of ammonia in the 
expired air occurs most frequently in uremia, but is not a 
pathognomonic symptom of this disease. 

9. The appearance of ammonia in the blood is certainly the 
most frequent, although it is not the sole cause of uramia, 
Uremia may be produced by the accumulation of the extractive 
matters in the blood in cases of suppression of urine—o. x. D.] 











(8) Note to p. 381, line 11,—[Dr. Malcolm + has just published 


© Ucher den Ammoniakgehalt der expirirten Luft, und seiner Verhalten in 
Krankheiten, Ein Beitrag zur Kenntnies der Urmmie, Giessen, 1854. 
+ Dublin Quarterly Journal of Medical Seionce, Vol. 18, p. $20. 
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